Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


r 


SCIEHCE  DEPT 


/^2ir 


^ 


|A    MODE    OF   MOTION. 


JOHN  TYNDALL,  LL.D,  F.R8.,  «io., 


FROM   TBE  rOURTB  iSB   LAST  XUBLISB  RDITIOS. 


NEW  YORK: 
D.    APPLETON   AND   OOMPANT, 

B4*  A  S61  BBOADWAY. 
18V11, 


ma  FEIEND  AND  TEACIIER, 


KOBEKT    BTJNSElir, 


THD  BOOK  IB  DEDlCArBD 


JOHN  TTNDALL. 


''Ag^  the  concretion  of  Ice  will  not  endure  a  dry  attrition  without 
iquation;  for  if  it  be  rubbed  long  with  a  doth  it  melteth.** 

8b  THCoiAB  Biowin,  **PttudodoQoia  Bpid^mioa^  Book  II.,  di«p.  L, 

Flokcrliig^s  edition,  1886^  ToL  IL,  p.  Sn. 


PREFACE  TO  THE  THIRD  EDITION. 


Ql  OME  years  ago  I  had  the  honor  of  holding  a  number  of 
^^  Examinerships  under  the  Council  for  Military  Education. 
It  was  also  my  privilege  to  be  Examiner  for  the  University  of 
London. 

These,  and  the  examinations  connected  with  my  public 
lectures,  gave  me  an  opportunity  of  making  myself  acquainted, 
to  some  extent,  with  the  knowledge  and  needs  of  England  as 
regards  the  department  of  Natural  Kjiowledge  which  it  is  my 
vocation  to  cultivate. 

The  experience  thus  obtained  was  supplemented  by  that 
derived  from  conversation  with  eminent  scholars,  who  depre- 
cated and  deplored  the  utter  want  of  scientific  knowledge, 
and  the  utter  absence  of  sympathy  with  scientific  studies, 
which  mark  the  great  bulk  of  our  otherwise  cultivated  Eng- 
lish public. 

Though  regarding  original  investigation  as  the  great  ob- 
ject of  my  life,  I  thought  it  no  unworthy  work  to  attempt  to 
supply  the  deficiencies  here  indicated.  The  idea  arose,  and 
gained  consistence  by  reflection,  of  taking,  as  far  as  time  per- 
mitted, the  various  parts  of  Natiu^il  Philosophy,  treated  in 
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my  lectures,  in  suocession,  and  of  describing  and  illustrating 
with  clearness  and  simplicity  such  conceptions  regarding 
them  as  the  best  culture  I  could  command  enabled  me  to  en- 
tertain. 

The  first  firuit  of  this  idea  was  the  work  on  Heat,  the  third 
edition  of  which  is  now  before  the  reader. 

The  reception  of  the  vrork  proved  that  it  met  a  general 
want.  Not  only  has  its  success  in  this  country  been  far 
greater  than  was  ever  hoped  for,  but  large  editions  of  it  have 
been  published  and  circulated  in  France,  Russia,  and  the 
United  States. 

Something  more,  however,  than  its  rapid  diffusion  among 
the  general  public  was  needed  to  convince  me  that  the  work 
was  such  as  I  desired  it  to  be. 

This  assiuunce.  came  to  me,  both  privately  and  publicly, 
from  scientific  sources,  and  lately  in  a  very  striking  form  from 
Germany.  The  beautiful  translation  of  the  work  by  Helm- 
boltz  and  Wiedemann,  issued  by  Vieweg  of  Brunswick,  and 
the  reception  of  that  translation  by  th^  press  of  Ckurmany,  are 
to  me  the  best  guarantee  and  the  most  gratifying  evidence 
that  I  have  not  entirely  missed  my  aim. 

That  aim  was  to  combine  soundness  of  matter  with  a  style 
which  should  arouse  interest  and  sympathy  in  persons  uncul- 
tured in  science.  I  had,  also,  reason  to  believe  that  the  more 
specially  scientific  student  would  find  in  the  work  help  and 
furtherance,  in  forming  definite  conceptions  of  those  molecular 
processes  which  underlie  both  chemical  and  physical  phenom- 
ena. 

The  second  instalment  of  the  task  contemplated  was  the 
work  on  Sound  recently  published  by  Longmans.  The  recep- 
tion of  the  work  in  this  country  has  been  also  far  more  flatter- 
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iDg  than  I  had  ventured  to  anticipate.  It  has,  moreover,  heen 
already  published  in  America.  In  France  a  translation  of  it 
is  being  prepared  M.  Gauthier-ViUars,  while  in  Germany  the 
two  eminent  men  already  named  have  taken  it  under  their 
protection. 

All  this  convinces  me  that  if  a  scientific  man  take  the 
trouble,  which  in  my  case  is  immense,  of  thinking,  and  writing, 
with  life  and  clearness,  he  is  sure  to  gain  general  attention. 
It  can  hardly  be  doubted,  if  fostered  and  strengthened  in  this 
way,  that  the  desire  for  scientific  knowledge  will  ultimately 
correct  the  anomalies  which  beset  our  present  system  of  edu- 
cation.* 

Besides  other  additions  and  alterations,  a  considerable 
amount  of  matter,  derived  mainly  from  my  own  recent  investi- 
gations, is  added  in  a  new  chapter,  to  the  present  edition.  In 
order  to  prevent  the  book  from  assuming  an  inconvenient 
size,  I  have  omitted  most  of  the  Supplementary  Appendices. 
Within  the  coming  year  I  hope  to  collect  and  publish,  in  a 
single  volume,  the  original  memoirs  on  Experimental  Physics, 
which  I  have  communicated  to  the  "  Philosopliical  Transac- 
tions" and  "Philosophical  Magazine "  during  the  last  eigh- 
teen years.  These  memoirs  will  embrace  all  the  supplement- 
ary matter  referred  to,  and  they  may  be  consulted  by  those 
who  wish  to  carry  their  studies  beyond  the  limits  prescribed 
to  an  elementary  work. 

It  will  interest  the  scientific  student  to  learn  that  Mayer 
and  Clausius  have  recently  published,  in  a  collected  form,  their 
(•t»lebrated  researches  on  the  Dynamical  Theory  of  Heat,  an 
English  translation  of  the  first  part  of  the  memoirs  of  Clausius 

♦  Huxlej's  **  Lessons  in  ElemenUry  Physiology'*  is  a  great  stop  in  this 
direction. 
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having  been  edited  by  Prol  Hirst.  It  is  to  be  hoped  that  the 
investigations  of  Joule,  HelmholtZy  Thomson,  and  Rankine, 
on  this,  the  greatest  scientific  subject  hitherto  unfolded  by  the 
human  mind,  may  ultimately  be  rendered  equally  accessible. 
The  memoirs  of  Sir  William  Thomson,  at  once  varied  and  pro- 
found, would  be  of  especial  interest  and  importance. 


BoTAL  branrunov,  Jcmnary^  1868. 


PREFACE  TO  THE  SECOND  EDITION. 


IN  the  first  edition  of  this  work,  the  language  employed  was 
almost  verbatim  that  of  the  lecture-room.  For  this,  had 
time  permitted,  I  should  willingly,  in  this  edition,  have  sub- 
stituted a  graver  style,  though  it  may  be  doubted  whether  the 
change  would  have  added  to  the  clearness  of  the  exposition. 

The  word  "  Lecture,"  formerly  used  as  a  heading,  has,  how- 
ever, been  abandoned,  the  work  being  now  divided  into  thir- 
teen chapters.  I  have  sought  to  embody  in  it  an  abstract  of 
my  own  researches  on  radiant  heat,  completed  since  the  publi- 
cation of  the  first  edition.  That  portion  of  the  work  which 
treats  of  the  phenomena  of  vitality  has  also,  for  the  most  part, 
been  rewritten. 


SoTAL  iNiTxnrnoN,  February^  1866. 


PREFACE  TO  THE  FIRST  EDITION. 


IN  the  following  LiectuFes  I  have  endeavored  to  bring  the 
rudiments  of  a  new  philosophy  within  the  reach  of  a  per- 
son of  ordinary  intelligence  and  culture. 

The  first  seven  Lectures  of  the  course  deal  with  thermo- 
metric  heat ;  its  generation  and  consumption  in  mechanical 
processes;  the  determination  of  the  mechanical  equivalent 
of  heat ;  the  conception  of  heat  as  molecular  motion ;  the  ap- 
plication of  this  conception  to  the  solid,  liquid,  and  gaseous 
forms  of  matter ;  to  expansion  and  combustion ;  to  specific  and 
latent  heat ;  and  to  calorific  conduction. 

The  remaining  five  Lectures  treat  of  radiant  heat ;  the 
interstellar  medium,  and  the  propagation  of  motion  through 
this  medium ;  the  relations  of  radiant  heat  to  ordinary  matter 
in  its  several  states  of  aggregation ;  terrestrial,  lunar,  and 
solar  radiation ;  the  constitution  of  the  sun ;  the  possible 
sources  of  his  energy ;  the  relation  of  this  energy  to  terrestrial 
forces,  and  to  vegetable  and  animal  life. 

My  aim  has  been  to  rise  to  the  level  of  these  questions 
from  a  basis  so  elementary,  that  a  person  possessing  any 
imaginative  faculty  and  power  of  concentration,  might  accom- 
pany me. 
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Wherever  additional  remarks,  or  extracts,  seemed  likely  to 
render  the  reader's  knowledge  of  the  subjects  referred  to  in 
any  Lecture  more  accurate  or  complete,  I  have  introduced  such 
extracta,  or  remarks,  as  an  Appendix  to  the  Lecture. 

For  the  use  of  the  plate  at  the  end  of  the  volume,  I  am  in- 
debted to  the  Council  of  the  Royal  Society;  it  was  engraved 
to  iQnstrate  some  of  my  own  memoirs  in  the  ^  Philosophical 
TransactionB."  For  some  of  the  woodcuts  I  am  also  indebted 
to  the  same  learned  body. 

To  Uie  scientific  public,  the  names  of  the  builders  of  this 
new  philosophy  are  already  £Btmiliar.  As  experimental  con- 
tributora,  Bomford,  Davy,  Faraday,  and  Joule,  stand  promi- 
nently forward.  As  theoretic  writers  (placing  them  alphabeti- 
cally), we  have  Clausius,  Helmholtz,  Elircbhoff,  Mayer,  Ran- 
kine,  Thomson ;  and  in  the  memoirs  of  these  eminent  men  the 
student  who  desires  it  must  seek  a  deeper  acquaintance  with 
the  subject.  MM.  Regnault  and  S^guin  also  stand  in  honor- 
able relationship  to  the  Dynamical  Theory  of  Heat,  and  M.  Ver- 
det  has  recently  published  two  lectures  on  it,  marked  by  the 
learning  for  which  he  is  conspicuous.  To  the  English  reader 
it  is  superfluous  to  mention  the  well-known  and  highly-prized 
work  of  Mr.  Grrove.* 

I  have  called  the  philosophy  of  Heat  a  new  philosophy, 
without,  however,  restricting  the  term  to  the  subject  of  heat. 
TTie  fact  is,  it  cannot  be  so  restricted ;  for  the  connection  of 
this  agent  with  the  general  energies  of  the  universe  is  such 
that,  if  we  master  it  perfectly,  we  master  all.     Even  now  we 

•  The  beautiful  experiments  of  M.  Favre  ought  to  be  referred  to  here:  and 
Also,  in  connection  with  a  Rubject  treated  in  Chap.  XIII.,  a  moat  important 
tzperiment  bj  M.  Foucault  which  la  described  in  the  "  Philosophical  Maga- 
iia^"  vol  xix.  p.  194  (February,  1866). 
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can  disoem,  though  but  darkly,  the  greatness  of  the  issues 
whioh  connect  themselves  with  the  progress  we  have  mad^— 
issues  which  were  probably  beyond  the  contemplation  of  those 
by  whose  industry  and  genius  the  foundations  of  our  present 
knowledge  were  laid. 

In  a  lecture  on  the  **  Influence  of  the  History  of  SdenceoQ 
Intellectual  Education,"  delivered  at  the  Boyal'Institution,  Dr. 
Whewell  has  shown  "  that  every  advance  in  intellectual  edu- 
eation  has  been  the  effect  of  some  considerable  scientific  discov- 
ery or  group  of  discoveries."  If  the  association  here  indicated 
be  invariable,  then,  assuredly,  the  views  of  the  connection  and 
interaction  of  natural  forces — organic  as  well  as  inorganic— vital 
as  well  as  phjrsical — ^which  have  grown,  and  which  are  to  grow, 
out  of  the  investigation  of  the  laws  and  relations  of  heat,  will 
profoundly  affect  the  intellectual  discipline  of  the  coming  age. 

In  the  study  of  Nature  two  elements  come  into  play,  which 
belong  respectively  to  the  world  of  sense  and  to  the  world  of 
thought.  We  observe  a  fact  and  seek  to  refer  it  to  its  laws — 
we  apprehend  the  law,  and  seek  to  make  it  good  in  fact.  The 
one  is  theory,  the  other  is  experiment ;  which,  when  applied 
to  the  ordinary  purposes  of  life,  becomes  Practical  Science. 
Nothing  could  illustrate  more  forcibly  the  wholesome  interac- 
tion of  these  two  elements,  than  the  history  of  our  present  sub- 
ject. If  the  steam-engine  had  not  been  invented,  we  should 
assuredly  stand  below  the  theoretic  level  which  we  now  occu- 
py. The  achievements  of  heat  through  the  steam-engine  have 
forced,  with  augmented  emphasis,  the  question  upon  thinking 
minds,  "  What  is  this  agent,  by  means  of  which  we  can  super- 
sede the  force  of  winds  and  rivers— of  horses  and  of  men? 
heat  can  produce  mechanical  force,  and  mechanical  force  can 
produce  heat ;  some  common  quality  must  therefore  unite  this 
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agent  and  the  ordinary  forms  of  mechanical  power."  This  rela- 
tionship estahlished,  the  generalizing  intellect  could  pass  at 
QDoe  to  the  other  energies  of  the  universe,  and  it  now  per- 
oeiveB  the  principle  which  unites  them  alL  Thus  the  triumphs 
of  practical  skill  have  promoted  the  development  of  philoso- 
phy. Thus,  by  the  interaction  of  thought  and  £eu^,  of  truth 
oonceiyed  and  truth  executed,  we  have  made  our  Science 
what  it  is — ^the  noblest  growth  of  modem  times,  though  as  yet 
hot  partially  appealed  to  as  a  source  of  individual  and  national 
might. 

As  a  means  of  intellectual  education  its  claims  are  still  dis- 
puted, though,  once  properly  organized,  greater  and  more 
beneficent  revolutions  await  its  emplojonent  here,  than  those 
which  have  already  marked  its  applications  in  the  material 
world.  Surely  the  men  whose  noble  vocation  it  is  to  systema- 
tize the  culture  of  England,  can  never  allow  this  giant  power 
to  grow  up  in  their  midst  without  endeavoring  to  turn  it  to 
practical  accoimt.  Science  does  not  need  their  protection,  but 
it  desires  their  friendship  on  honorable  terms ;  it  wishes  to 
work  with  them  toward  the  great  end  of  all  education — the 
bettering  of  man's  state.  By  continuing  to  decline  the  offered 
hand,  they  invoke  a  contest  which  can  have  but  one  result. 
Science  must  grow.  Its  development  is  as  necessary  and  as 
irresistible  as  the  motion  of  the  tides,  or  the  flowing  of  the 
Gulf  Stream.  It  is  a  phase  of  the  energy  of  Nature,  and  as 
such  is  sure,  in  due  time,  to  compel  the  recognition,  if  not  to 
win  the  aUiance,  of  those  who  now  decry  its  influence  and  dis- 
courage its  advance. 

BoTAL  brsTiTunoir,  February ^  1868. 
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▲ppbhbix  : — soma  ok  the  tokrko-eleotbio  pile  and  oaltanometke. 

• 

(1)  nnHE  aspects  of  Nature  provoke  in  man  the  spirit  of 
-L  inquiry.  As  the  eye  is  made  for  seeing,  and  the  ear 
for  hearing,  so  the  human  mind  is  formed  for  exploring  and 
understanding  the  relationship  of  natural  phenomena,  the  sci- 
ence of  our  day  being  the  direct  issue  of  an  intellect  thus 
endowed.  One  great  characteristic  of  Natural  Knowledge  is 
its  growth ;  all  its  results  are  fruitful,  every  new  discovery 
becoming  instantly  the  germ  of  fresh  investigation.  But  no 
nobler  example  of  this  growth  can  be  adduced  than  the  ex- 
pansion and  development,  during  the  last  five-and-twenty 
years,  of  the  great  subject  which  is  now  to  occupy  our  atten- 
tion. 

In  scientific  manuals,  only  scanty  reference  was,  until  lately, 
made  to  the  modem  philosophy  of  heat,  and  thus  the  public 
knowledge  regarding  it  remained  below  the  attainable  level. 
The  reserve,  however,  was  natural,  for  the  subject  is  an  en- 
tangled one,  and,  in  the  pursuit  of  it,  we  must  be  prepared 
to  encounter   difficulties.      In   the  whole  range   of  Natural 
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Science,  however,  there  are  none  more  worthy  of  being  over- 
come— none  the  subjugation  of  which  insures  a  greater  reward 
to  the  worker.  For  the  various  agencies  of  Nature  are  so  con- 
nected, that,  in  mastering  the  laws  and  relations  of  heat,  we 
make  clear  to  our  minds  the  interdependence  of  natural  pow- 
ers generally.  Let  us  then  commence  our  labors  with  heart 
and  hope;  let  us  familiarize  ourselves  with  the  latest  facts 
and  conceptions  regarding  this  all-pervading  agent,  and  seek 
diligently  the  links  of  law  which  connect  the  facts  and  give 
unity  to  their  most  diverse  appearances.  If  we  succeed  here, 
we  shall  satisfy,  to  an  extent  unknown  before,  that  love  of 
order  and  of  beauty  which,  no  doubt,  is  implanted  in  the 
mind  of  every  person  here  present.  From  the  heights  at 
which  we  aim  we  shall  have  nobler  glimpses  of  the  system 
of  Nature  than  could  possibly  be  obtained,  if  I,  while  acting 
as  your  guide  in  the  region  which  we  this  day  enter,  were  to 
confine  myself  to  its  lower  levels  and  already  trodden  roads. 

(2)  It  is  my  first  duty  to  make  you  acquainted  with  some 
of  the  instruments  intended  to  be  employed  in  the  examina^ 
tion  of  this  question.  Some  means  must  l>e  devised  of  making 
the  indications  of  heat  and  cold  visible  to  you,  and  for  this 
purpose  an  onlinary  thermometer  would  be  useless.  You 
could  not  sec  its  action ;  and  I  am  anxious  that  you  should 
see,  with  your  own  eyes,  the  facts  on  which  our  subsequent 
philosophy  is  to  be  based.  I  wish  to  give  you  the  material 
on  which  an  independent  judgment  may  be  founded ;  to  en- 
able you  to  reason  as  I  reason  if  you  deem  me  right,  to  cor- 
rect me  if  I  go  astray,  and  to  censure  me  if  you  find  me 
dealing  unfairly  with  ray  subject.  To  secure  these  ends  I 
have  been  obliged  to  abandon  the  use  of  a  common  ther- 
mometer, and  to  resort  to  tlu*  little  instrument  which  you  see 
before  me  on  the  table. 

(3)  This  iiistrum(?nt  A  B  (fig.  1)  is  called  a  thermo-electric 
plleJ^     It  acts  thus  :    Tlie  heat  which  the  pile  receives  gener- 

*  A  brief  description  of  the  thermo-oleotric  pile  is  given  in  the  Appendii 
to  this  Chapter. 
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■tes  an  eleotric  current ;  and  an  electric  current  has  the  power 
of  deflecting  a  freely  8u^)ended  magnetic  needle,  to  which  it 
flowB  parallel.  Before  jou  is  placed  such  a  needle  m  n  (fig. 
1),  snrrouDded  by  &  covered  copper  wire,  the  free  ends  of 


which,  w  w,  are  connected  with  the  thermo-electric  |jilc.  Tlie 
nee<ile  is  siispeiidcd  by  a  fibre,  s  f,  of  uiisjmii  silk,  and  pro- 
tected by  a  glass  shude,  G,  from  all  disturbance  by  currents  of 
air.  To  one  end  of  the  needle  is  fixed  a  piece  of  red,  and  to 
the  other  end  a  piece  of  blue  paper.  All  of  you  see  these 
pieces  of  paper,  and  when  the  needle  moves,  its  motion  will 
be  clearly  visible  to  the  moat  distant  peraou  in  this  room. 
Tliis  instrument  is  called  a  galvanometer.'' 

(4)  At  present  the  needle  is  quite  at  rest,  and  points  to  the 
zero-mark  on  the  graduated  disk  underneath  it.  This  shows 
that  there  is  no  current  passinpf.  I  breathe  for  an  instant 
ajainst  the  naked  face  a  of  the  pile — a  single  puff  of  breath  is 
sufficient  for  my  purpose — the  needle  stiirts  off  and  passes 


*  In  the  actual  urra[i)i«inent  the  gaivaa 
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through  an  arc  of  90''.  It  would  go  farther  did  we  not  limit 
its  swing  by  fixing,  edgeways,  a  thin  plate  of  mioa  at  this 
point.  This  action  of  the  needle  is  produced  by  the  small 
amount  of  warmth  communicated  by  my  breath  to  the  £EU>e  of 
the  pile,  and  no  ordinary  thermometer  could  give  so  large  and 
prompt  an  indication.  Take  notice  of  the  direction  of  the  de- 
flection ;  the  red  end  of  the  needle  moved  from  me  toward  you* 
We  will  let  the  heat  waste  itself ;  it  will  do  so  in  a  very  short 
time,  and  you  notice,  as  the  pile  cools,  that  the  needle  returns 
to  its  first  position.  Observe  now  the  effect  of  cold  on  the  same 
face  of  the  pile.  After  chilling  this  plate  of  metal  by  placing 
it  on  ice,  I  wipe  the  metal,  and  touch  with  it  the  face  of  the 
pile.  A  moment's  contact  suffices  to  produce  a  prompt  and 
energetic  deflection  of  the  needle.  But  marie  the  direction 
of  the  deflection.  When  the  pile  was  warmed,  the  red  end  of 
the  needle  moved  from  me  toward  you ;  now  the  same  end 
moves  from  you  toward  me.  The  important  point  here  estab- 
lished is,  that  from  the  direction  in  which  the  needle  moves 
we  can,  with  certainty,  infer  whether  cold  or  heat  has  been 
communicated  to  the  pile;  and  the  energy  with  which  the 
needle  moves — ^tlie  promptness  with  which  it  is  driven  aside 
from  its  position  of  rest — gives  us  some  idea  of  the  quantity 
of  heat  or  cold  imparted  in  different  cases.  On  a  future  occa- 
sion we  shaU  learn  how  to  express  the  relative  quantities  of 
heat  communicated  to  the  pile  with  numerical  accuracy ;  for 
the  present  a  general  knowledge  of  the  action  of  our  instru- 
ments is  sufficient. 

(5)  My  desire  now  is  to  connect  heat  with  the  more  fa- 
miliar forms  of  force,  furnishing  you,  in  the  first  place,  with  a 
store  of  facts  illustrative  of  the  generation  of  heat  by  mechani- 
cal processes.  In  the  next  room  are  some  pieces  of  wood, 
which  my  assistant  will  hand  to  me.  The  temperature  of 
that  room  is  slightly*lower  than  the  temperature  of  ihia  one, 
and  hence  the  wood  which  is  now  before  me  must  be  slightly 
colder  than%e  face  of  the  pile.  Let  us  prove  this.  The  fiftoe 
of  the  pile  being  placed  against  the  piece  of  wood,  the  red  end 
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of  the  needle  moves  from  you  toward  me,  thus  showing  that 
the  contact  has  chilled  the  instrument.  I  now  carefully  rub 
the  face  of  the  pile  along  the  surface  of  the  wood — *'  careful- 
ly," because  the  pile  is  brittle,  and  rough  usage  wovdd  destroy 
it;  maik  what  occurs.  The  prompt  and  energetic  motion  of 
the  needle  toward  you  declares  that  the  face  of  the  pile  has 
been  heated  by  this  small  amount  of  friction.  The  needle, 
you  observe,  goes  quite  up  to  90^  on  the  side  opposite  to  that 
toward  which  it  moved  before  the  friction  was  applied. 

(6)  These  experiments,  which  illustrate  the  development 
of  heat  by  mechanical  means,  must  be  to  us  what  a  boy's 
school  exercises  are  to  him.  In  order  to  fix  them  in  our 
minds,  and  obtain  due  mastery  over  them,  we  must  repeat 
them  and  vary  them  in  many  ways.  In  this  task  you  have 
now  to  accompany  me.  This  flat  piece  of  brass  is  attached  * 
to  a  cork,  which,  when  taken  hold  of,  preserves  the  brass  from 
all  contact  with  my  warm  hand.  When  the  brass  is  placed 
against  the  face  of  the  pile,  the  needle  moves,  showing  that 
the  metal  is  cold.  I  now  rub  the  brass  on  the  surface  of  this 
cold  piece  of  wood,  and  lay  it  once  more  against  the  pile.  It 
is  so  hot,  that  if  allowed  to  remain  in  contaet  with  the  instru- 
ment, the  current  generated  would  dash  the  needle  violently 
against  its  stops,  and  probably  derange  its  magnetism.  You 
see  the  strong  deflection  which  even  an  instant's  contact  can 
produce.  Indeed,  when  a  boy  at  school,  I  have  often  blistered 
my  hand  by  a  brass  button  which  had  been  nibbed  energeti- 
cally against  a  form.  This  razor  has  been  cooled  by  contact 
with  ice;  and  along  this  lione,  without  oil,  I  rub  the  cool 
razor  as  if  to  sharpen  it.  On  placing  the  razor  against  the 
face  of  the  pile,  the  steel,  w^hich  a  moment  ago  was  cold,  is 
declared  hot.  Similarly,  I  take  this  knife  and  knife-board, 
which  are  both  cold,  and  rub  the  knife  along  the  board.  The 
knife,  placed  against  the  pile,  declares  itself  to  be  hot.  I  pass 
this  cold  saw  through  this  cold  piece  of  wood,  and  place,  in 
the  first  instance,  the  surface  of  the  wood  against  which  the 
•aw  has  rubbed,  in  contact  with  the  pile.     The  needle  in- 
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stantly  moves  in  a  direction  which  shows  the  wood  to  be 
heated.  Allowing  the  needle  to  return  to  zero,  I  apply  the 
saw  itself  to  the  pile.  It  also  is  hot.  These  are  the  simplest 
and  most  commonplace  examples  of  the  generation  of  heat  by 
friction,  and  they  are  chosen  for  this  reason.  Mean  as  they 
appear,  they  are  illustrations  of  a  principle  which  determines 
the  polity  of  the  whole  material  universe. 

(7)  We  have  now  to  consider  the  development  of  heat  by 
compression.  This  piece  of  deal  is  cooled  below  the  tempera- 
ture of  the  room,  and  gives,  when  placed  in  contact  with  our 

I  pile,  the  deflection  which  indicates  cold.  I  introduce  the 
wood  between  the  plates  of  a  small  hydravdic  press,  and 
squeeze  it  forcibly.  When,  after  compression,  the  wood  is 
brought  into  contact  with  the  pile,  the  galvanometer  declares 
that  heat  has  been  developed  by  the  act  of  compression.  Pre- 
cisely the  same  thing  occurs  when  this  block  of  lead  is  fixed 
between  the  plates  of  the  press  and  squeezed  thus  to  flatness. 

(8)  And  now  for  the  effect  of  percussion.  I  place  a  oold 
lead  bullet  upon  this  cold  anvil,  and  strike  it  with  a  cold 
sledge-hammer.  The  sledge  descends  with  a  certain  mechani- 
cal force,  and  its  motion  is  suddenly  arrested  by  the  bullet  and 
anvil ;  apparently  the  force  of  the  sledge  is  destroyed.  But 
when  we  examine  the  lead  we  find  it  is  hcatec^  and  we  shall 
by-and-by  learn  that  if  we  could  gather  up  all  the  heat  gen- 
erated by  the  shock  of  the  sledge,  and  apply  it  without  loss 
mechanically,  we  should  be  able,  by  means  of  it,  to  lift  the 
hammer  to  the  height  from  which  it  fell. 

Another  experiment  is  here  arranged,  which  is  almost  too 
delicate  to  be  performed  with  the  large  apparatus  necessary 
to  render  lecture  experiments  visible,  but  which,  nevertheless, 
is  easily  executed  with  proper  instruments.  This  small  basin 
contains  a  quantity  of  mercury  which  has  been  cooled  in  the 
next  room.  One  of  the  faces  of  the  thermo-electric  pile  is 
coated  with  varnish,  to  defend  it  from  the  mercury,  which 
would  otherwise  destroy  the  pile.  Thus  protected  it  may,  aa 
you  observe,  be  plunged  into  the  liquid  metal.    The  defleotioii 
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of  the  needle  proves  that  the  mercury  is  cold.  These  two 
glasses,  A  and  b  (fig.  2),  are  swathed  thickly  round  by  listing, 
to  prevent  the  warmth  of  my  hands  from  reaching  the  mer- 
cury. I  pour  the  cold  mercury  from  the  one  glass  into  the 
other,  and  back.  It  falls  with  a  certain  mechanical  force,  its 
motion  is  destroyed,  but  heat  is  developed.  The  amount  of 
heat  generated  by  a  single  pouring  out  is  extremely  small ; 
the  exact  amount  might  be  easily  determined,  but  we  shall 
defer  quantitative  considerations  for  the  present ;  so  we  will 
pour  the  mercury  from  glass  to  glass  ten  or  fifteen  times. 
Now  vaaxk  the  result 
when  the  pile  is  plunged  ^*o-  *• 

into  the  liquid.  The 
needle  moves,  and  its 
motion  declares  that  the 
mercury,  which  at  the 
beginning  of  the  experi- 

(ment  was  cooler,  is  now 
wanner  than  the  pile. 
We  here  introduce  into 
the  lecture-room  an  ef- 
fect which  occurs  at  the 
base  of  every  water-fall.  g^_ 
There  are  friends  before 
mc  who  have  stood  amid 
the  foam  of  Niagara.  Had  they,  when  there,  dipped  suffi- 
ciently sensitive  thermometers  into  the  water  at  the  top  and 
bottom  of  the  cataract,  they  would  have  found  the  latter 
warm(;r  than  the  former.  The  sailor's  tradition,  also,  is  theo- 
retically correct ;  the  sea  is  rendered  warmer  by  a  storm,  the 
mechanical  dash  of  its  billows  being  ultimately  converted  into 
heat. 

(9)  Whenever  friction  is  overcome,  heat  is  produced,  and 
the  heat  produced  is  the  exact  measure  of  the  force  expended 
in  overcoming  the  friction.  The  heat  is  simply  the  primitive 
force  in  another  form,*  and  if  we  wish  to  avoid  this  conversion. 
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we  must  abolish  the  frictioD.  We  put  oil  upon  the  suiface  of 
a  hone,  we  grease  a  saw,  and  are  careful  to  lubricate  the  axles 
of  our  railway  carriages.     What  is  the  real  meaning  of  these 

,  acts  ?  Let  us  obtain  general  notions  first,  and  aim  at  strict 
accuracy  afterward.  It  is  the  object  of  a  railway  engineer  to 
urge  his  train  from  one  place  to  another ;  he  wishes  to  apply 
the  force  of  his  steam,  or  of  the  furnace  which  gives  tension 
to  his  steam,  to  this  particular  purpose.  It  is  not  his  interest 
to  allow  any  portion  of  that  force  to  be  converted  into  another 
form  of  force  which  would  not  promote  the  attainment  of  his 
object.  He  does  not  want  his  axles  heated,  and  henoe  he 
avoids  as  much  as  possible  expending  his  power  in  heating 
them.  In  fact,  he  has  obtained  his  force  from  heat,  and  it  is 
not  his  object  to  reconvert  by  friction  the  force  thus  obtained 
into  its  primitive  form.  For  every  degree  of  temperature 
generated  in  his  axles,  a  definite  amount  would  be  withdrawn 
from  the  urging  force  of  his  engine.  There  is  no  absolute 
loss.  Could  we  gather  up  all  the  heat  generated  by  the  Mo- 
tion, and  could  we  apply  it  all  mechanically,  we  should,  by  it, 
be  able  to  impart  to  the  train  the  precise  amount  of  speed 
which  it  had  lost  by  the  friction.  Thus  every  one  of  those 
railway  porters  whom  you  see  moving  about  with  his  can  of 
yellow  grease,  and  opening  the  little  boxes  which  surround 
the  carriage  axles,  is,  without  knowing  it,  illustrating  a  prin- 
ciple which  forms  the  very  solder  of  Nature.     In  so  doing,  he 

,  is  unconsciously  affirming  both  the  convertibility  and  the  in- 
destructibility of  force.     He  is  practically  asserting  that  me- 

f  chanioal  energy  may  be  converted  into  heat,  and  that  when 

*  so  converted  it  cannot  still  exist  as  mechanical  energy ;  but 
that  for  every  degree  of  beat  developed  in  the  axles,  a  strict 
and  proportional  equivalent  of  the  locomotive  force  of  the  en- 

I  gine  disappears.  All  the  force  of 'our  locomotives  is  derived 
from  heat,  and  all  of  it  eventually  becomes  heat.  To  main- 
tain the  proper  speed,  the  friction  of  the  train  must  be  con 
tinually  overcome,  and  the  force  spent  in  overcoming  it  is  en 
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tirely  converted  into  heat     An  eminent  writer  *  has  compared 
the  process  to  one  of  distillation :  the  energy  of  heat  in  the 
furnace  passes  into  the  mechanical  n^otion  of  the  train,  and  I 
this  motion  reappears  as  heat  in  the  wheels,  axles,  and  rails.  9 
When  a  station  is  approached,  say  at  the  rate  of  thirty  miles 
an  hour,  a  brake  is  applied,  and  smoke  and  sharks  issue  firom 
the  wheel  on  which  it  presses.     The  train  is  brought  to  rest —  £ 
How  ?     Simply  by  converting  the  entire  moving  force  which  I 
it  possessed  at  the  moment  the  brake  was  applied,  into  heat    | 

(10)  So  also  with  regard  to  the  greasing  of  a  saw  by  a 
carpenter.  He  applies  the  muscular  force  of  his  arm  with 
the  express  object  of  cutting  through  the  wood.  He  wishes 
to  tear  the  wood  asunder,  to  overcome  its  mAhanical  cohe- 
sion by  the  teeth  of  his  saw.  When  the  saw  moves  stiffly, 
on  account  of  the  friction  against  its  flat  surface,  the  same 
amount  of  effort  may  produce  a  much  smaller  effect  than  when 
the  implement  moves  without  friction.  But  in  what  sense 
smaller  ?  No  absolutely  so,  but  smaller  as  regards  the  act  of 
sawing.  The  force  not  expended  in  sawing  is  not  lost ;  it  is 
converted  into  heat ;  and  I  gave  you  an  example  of  this  a  few 
minutes  ago.  Here,  again,  if  we  could  collect  the  heat  en- 
gendered by  the  friction,  and  apply  it  to  the  urging  of  the 
saw,  we  should  make  good  the  precise  amount  of  work  which 
the  carpenter,  by  neglecting  the  lubrication  of  his  implement, 
had  simply  converted  into  another  form  of  power. 

(11)  We  warm  our  hands  by  rubbing,  and,  in  the  case  of 
frost-bite,  we  thus  restore  the  necessary  heat  to  the  injured 
parts.  Savages  have  the  art  of  producing  fire  by  the  skilful 
friction  of  well-chosen  pieces  of  wood.  It  is  easy  to  cliar 
wood  in  a  lathe  by  friction.  By  friction  a  lucifer-match  is 
raised  to  the  temperature  of  ignition.  From  the  feet  of  the 
laborers  on  the  flinty  roads  of  Hampshire  sparks  issue  co- 
piously on  a  dark  night,  the  collision  of  their  iron-shod  shoes 
against  the  flints  producing  fire.     Tlie  same  effect  is  often  pro- 

•Eobert  Julius  Mayer  of  Heilbronn,  in  the  Kingdom  of  Wftrtemberg. 
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duced  by  the  omnibus-horses  in  the  streets  of  Lonilon.  In 
the  common  flint  and  steel  the  particles  of  the  metal  stnidc 
off  are  so  much  heated  by  the  collision  that  they  take  fire  and 
bum  in  the  air.  But  the  heat  precedes  the  combustion*  Davy 
found  that,  when  a  gunlock  with  a  flint  was  discharged  in 
vacuo,  no  sparks  were  produced,  but  the  particles  of  steel 
struck  off,  when  examined  under  the  microscope,  showed  signs 
of  fusion.*  Here  is  a  large  rock-crystal ;  I  have  only  to  draw 
this  small  one  briskly  over  it  to  produce  light  and  heat.  Here 
are  two  quartz-pebbles ;  I  have  only  to  rub  them  together  to 
make  them  luminous. 

(12)  Aristotle  refers  to  the  heating  of  arrows  by  the  fric- 
tion of  the  ai^;  a  rifle-bullet,  in  passing  through  air,  is  also 
warmed  by  friction.  The  most  probable  theory  of  shoot- 
ing-stars is  that  they  are  small  planetary  bodies  revolving 
round  the  sun,  which  are  caused  to  swerve  from  their  orbits 
by  the  attraction  of  the  earth,  and  are  raised  to  incandescence 
by  friction  against  our  atmosphere.  Chladni  propounded  this 
view,  and  Dr.  Joule  has  shown  that  the  atmospheric  friction  is 
competent  to  produce  the  effect.  He  may,  moreover,  be  cor- 
rect in  believing  that  the  greater  portion  of  our  aerolites  are 
scattered  into  fragments  by  heat,  and  the  earth  thus  spared  a 
terrible  bombardment,  f  These  bodies  move  at  planetary 
rates ;  the  orbital  velocities  of  the  four  interior  planets  are  as 
follows : 

lOlet  per  Saoood. 
Mercury  ......        30.40 

VenuB       ......  22.24 

Earth  ......         18.91 

Mars         ......  16.82 

while  the  velocity  of  the  aerolites  varies  from  18  to  36  miles 
*  second.  The  friction  engendered  by  this  enormous  speed  is 
^^rtaiiily  competent  to  produce  the  effects  ascribed  to  it, 

(13)  More  than  sixty-four  years  ago  Count  Rumford,  who 

♦  Works  of  Sir  H.  Davy,  vol.  ii.  p.  8.  • 

t  Philosophical  Magazine,  4th  series,  vol.  xxxii.  p.  849.  '^90 
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was  one  of  the  founders  of  the  Royal  Institution,  executed  a 
series  of  experiments  on  the  generation  of  heat  bj  friction, 
which,  viewed  bj  the  light  of  to-daj,  are  of  the  highest  inter- 
est and  importance.  Indeed,  the  services  which  the  founders 
and  professors  of  this  Institution  have  rendered  to  the  phi- 
losophy of  natural  forces  can  never  be  forgotten.  Thomas  | 
Young  laid  the  foundations  of  the  Undulatory  Theory  of  I 
light,  which,  in  its  fullest  application,  embraces  our  present  I 
theory  of  heat.  Davy  entertained  substantially  the  same 
views  regarding  heat  as  those  which  I  am  now  endeavoring  to 
approach  and  elucidate.  Faraday  established  the  laws  of 
equivalence  between  chemistry  and  electricity,  and  his  mag- 
neto-electric discoveries  were  the  very  first  seized  upon  by  ^ 
Joule  in  illustration  of  the  mutual  convertibility  of  heat  and  | 
mechanical  action.*  Rumford,  in  a  paper  of  great  power, 
both  as  regards  reasoning  and  experiment,  advocated,  in  1798,t 
the  doctrine  regarding  the  nature  of  beat  which  the  recent  ex- 
periments of  eminent  men  have  placed  upon  a  secure  basis. 
While  engaged  in  the  boring  of  cannon  at  Munich,  he  was  so 
forcibly  struck  by  the  large  amount  of  heat  developed  in  the 
process  that  he  was  induced  to  devise  a  special  apparatus  for 
the  examination  of  the  generation  of  heat  by  friction.  He 
had  constructed  a  hollow  cylinder  of  iron,  into  which  fitted  a 
solid  plunger,  which  was  caused  to  press  against  the  bottom 
of  the  cylinder.  A  box  which  surrounded  the  c^^linder  con- 
tained 18 J  lbs.  of  water,  in  which  a  thermometer  was  placed. 
The  original  temperature  of  the  water  was  60°  F.  The  cyl- 
inder was  turned  by  horse-labor,  and  an  hour  after  the  friction 
had  commenced  the  temperature  of  the  water  was  107°,  bav- 
ins: risen  47°.  Half  an  hour  afterward  he  found  the  tempera- 
ture to  be  142°.  Tlie  action  was  continued,  and  at  the  end  of 
two  hours  the  temperature  was  178°.  At  the  end  of  two  hours 
and  twenty  minutes  it  was  200°,  and  at  two  hours  and  thirty 
minutes  from  the  commencement  t/i/3  wafer  actually  boiled  ! 

♦  Philosophical  Magazine,  4tli  Bcrics,  vol.  xxiii.  pp.  265,  347,  435. 
^pf  Ad  abstract  of  this  paper  i«  given  in  the  Appendix  to  Chapter  II. 
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Rumford's  description  of  the  effect  of  this  experiment  oa 
those  who  witnessed  it  is  quite  delightfiiL  ^^  It  would  be  dif- 
ficult," he  says,  '*  to  describe  the  surprise  and  astonishment 
expressed  in  the  countenances  of  the  bj-standers  on  seeing  so 
large  a  quantity  of  water  heated,  and  actually  made  to  boil, 
without  any  fire.  Though  there  was  nothing  that  could  be 
considered  very  surprising  in  this  matter,  yet  I  acknowledge 
fairly  that  it  afforded  me  a  degree  of  childish  pleasure  which, 
were  I  ambitious  of  the  reputation  of  a  grave  philosopher,  I 
ought  most  certainly  rather  to  hide  than  to  discover."  *  I  am 
sure  we  can  dispense  with  the  application  of  any  philosophy 
which  would  stifle  such  emotion  as  Rumford  here  avowed.  In 
connection  with  this  striking  experiment,  Dr.  Joule  f  has  esti- 
mated the  amount  of  mechanical  force  expended  in  producing 
the  heat,  and  obtained  a  result  which  ^*  is  not  very  widely  dif- 
ferent "  from  that  which  greater  knowledge  and  more  refined 
experiments  enabled  Joule  himself  to  obtain  as  regards  the 
numerical  equivalence  of  heat  and  work. 

(14)  It  would  be  absurd  on  my  part  to  attempt  here  a 
repetition  of  the  experiment  of  Count  Rumford  with  all  its 

Fk.8. 


conditions.  We  cannot  devote  two  hours  and  a  half  to  a 
single  experiment,  but  I  hope  to  be  able  to  show  you  sub- 
stantially the  same  effect  in  two  minutes  and  a  half.  Here  is 
a  brass  tube  (^,  fig.  3),  four  inches  long,  and  of  three-quarters 

♦  Rumford's  Essays,  vol.  li.  p.  484, 

t  Philosophical  TroDsaotions,  vol.  cxl.  p.  62. 
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ai  aa  inch  interior  diameter.  It  is  stopped  at  the  bottom,  and 
screwed  on  to  a  whirling  table,  bj  means  of  which  the  upright 
tabe  can  be  caused  to  rotate  very  rapidly.  These  two  pieces 
of  oak  are  united  by  a  hinge,  in  which  are  two  semicircular 
grooves,  intended  to  embrace  the  brass  tube.  Thus  the  pieces 
of  wood  form  a  kind  of  tongs,  t,  the  gentle  squeezing  of  which 
prodooes  friction  when  the  tube  rotates.  I  partially  fill  the 
tube  with  cold  water,  stop  it  with  a  cork  to  prevent  the 
splashing  out  of  the  liquid,  and  now  put  the  machine  in  mo- 
tion. As  the  action  continues,  the  temperature  of  the  water 
rises,  and  now  the  tube  is  too  hot  to  be  held  in  the  fingers. 
Continuing  the  action  a  little  longer,  the  cork  is  driven  out 
with  explosive  violence,  the  steam  which  follows  it  producing 
by  its  precipitation  a  small  cloud  in  the  atmosphere. 

(15)  In  all  the  cases  hitherto  introduced  to  your  notice, 
heat  has  been  generated  by  the  expenditure  of  mechanical 
force.  Our  experiments  have  shown  that  where  mechanical 
force  is  expended  heat  is  produced ;  and  I  wish  now  to  bring 
before  you  the  converse  experiment,  and  show  you  the  con" 
sumption  of  heat  in  mechanical  work.  This  strong  vessel 
(v,  ^g,  4)  is  filled  at  the  present  moment  with  compressed  air. 
It  has  lain  here  for  some  hours,  so  that  the  temperature  of  the 
air  within  the  vessel  is  now  the  same  as  that  of  the  air  of  the 
room  withgut  it.  At  the  present  moment  this  inner  air  is 
pressing  against  the  sides  of  the  vessel,  and  if  this  cock  be 
opened  a  portion  of  the  air  will  rush  violently  out.  The  word 
"  rush,"  however,  but  vaguely  expresses  the  true  state  of 
things ;  the  air  which  issues  is  driven  out  by  the  air  behind 
it ;  this  latter  accomplishes  the  work  of  urging  forward  the 
stream  of  air.  And  what  will  be  the  condition  of  the  working  jj 
air  during  tliis  process  ?  It  will  be  chilled.  The  air  executes  || 
work,  and  the  only  agent  it  can  call  upon  to  perform  the  *  \ 
work  is  the  heat  to  which  the  elastic  force  with  which  it 
presses  against  the  sides  of  the  vessel  is  entirely  due.  A  por- 
tion of  this  heat  will  be  consumed,  and  a  lowering  of  tem- 
perature will  be  the  consequence.     Observe  the  experiment. 
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I  will  tum  the  oock  e  (fig.  4),  and  allow  the  current  of  air 
from  the  vessel  v  to  strike  against  the  hxse  of  the  pile  P*  The 
magnetic  needle  instantly  responds ;  its  red  end  is  driven  tow- 
ard me,  thus  declaring  that  the  pile  has  been  chilled  by  the 
current  of  air. 

(16)  The  effect  is  different  when  air  is  urged  from  the 
nozzle  of  a  common  bellows  against  the  thermo-electric  pile. 
In  the  last  experiment  the  mechanical  work  of  urging  the  air 
forward  was  performed  by  the  air  itself^  and  a  portion  of  its 
heat  was  consumed  in  the  effort     In  the  case  of  the  bellows, 


FW.  4. 


it  is  my  muscles  which  perform  the  work.  The  upper  board 
of  the  bellows  is  raised,  and  the  air  rushes  in.  The  boards 
are  then  pressed  with  a  certain  force,  and  the  air  rushes  oui 
TJie  expelled  air,  slightly  warmed  by  compression,  strikes  the 
face  of  the  pile ;  its  motion  also  is  in  part  stopped,  and  an 
amount  of  heat  equivalent  to  the  destruction  of  this  motion  is 
instantly  generated.  Thus  you  observe,  that  when  I  direct, 
with  the  bellows  (fig.  5),  a  current  of  air  against  the  pile,  the 
red  end  of  the  needle  moves  toward  you,  thereby  showing 
that  the  face  of  the  pile  is,  in  this  instance,  wanned  by  the 
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lir.*  Here,  moreover,  is  a  bottle  of  soda-water,  slightly  warm- 
er than  the  pile,  as  jou  see  by  the  deflection  it  produces.  Cut 
the  string  whidi  holds  it,  the  oork  is  driven  out  by  the  elastic 
force  of  the  carbonic-add  gas :  the  gas  performs  work,  in  so 


Tm,  & 


doing  it  consumes  heat,  and  now  the  deflection  produced  by 
the  bottle  is  that  of  cold.  The  truest  romance  is  to  be  found 
in  the  details  of  daily  life ;  and  here,  in  operations  with  which 
every  child  is  familiar,  we  shall  gradually  discern  the  illustra- 
tion of  principles  from  which  all  material  phenomena  flow. 

♦  In  this  experiment  it  is  necessary  to  bring  the  nozzle  of  the  bellows  near 
the  pile,  and  blow  strongly.  When  the  nozzle  is  distant  the  air,  which  issues 
wann  under  the  pressure  exerted  on  the  bellows,  is  chilled  by  its  own  expan- 
sion.   It  may  be  even  caused  to  precipitate  its  aqueous  vapor. 
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NOTE  ON  THE  OONBTBUCTKHf  OF  THE  THEBMO-ELEOTBIC  PDuBL 

Let  a  b  (fig.  6)  be  a  bar  of  antimony,  and  b  o  a  bar  of  bismuth, 
and  let  both  bars  be  soldered  together  at  b.  Let  the  free  ends  ▲  and 
0  be  united  by  a  piece  of  wire,  a. no.  On  warming  the  place  of  jnno- 

tion,  B,  an  electric  current  is  generated^  the  direotioB 
of  which  is  from  bismuth  to  antimony  (or  against  the 
alphabet),  across  the  junction,  and  from  antimony  to 
bismuth  (or  with  the  alphabet),  through  the  connect- 
ing wire,  ADO.  The  arrows  indicate  the  direction 
of  the  current. 

If  the  junction  b  be  ehilUd,  a  current  is  gen- 
erated opposed  in  direction  io  the  former.  The 
figure  represents  what  is  called  a  thermo-electric 
pair  or  couple. 

By  the  union  of  several  thermo-electric  pairs,  a 
more  powerful  current  can  be  generated  than  would 
be  obtained  from  a  single  pair.  Fig.  7  (next  page), 
for  example,  represents  such  an  arrangement,  in 
which  the  shaded  bars  are  supposed  to  be  aU  of  bis- 
muth, and  the  unshaded  cues  of  antimony.  On  warming  all  the 
junctions,  b,  b,  etc.,  a  current  is  generated  in  each,  and  the  sum  of 
these  currents,  all  of  which  flow  in  the  same  direction,  wiH  produce 
a  stronger  resultant  current  than  that  obtained  from  a  single  pair. 

The  y  formed  by  each  pair  need  not  be  so  wide  as  it  is  shown  in 
fig.  7 ;  it  may  be  contracted  without  prejudice  to  the  couple.  And 
if  it  is  desired  to  pack  several  pairs  into  a  small  compass,  each  sep- 
arate couple  may  be  arranged  f\8  in  fig.  8,  where  the  black  lines  rep- 
resent small  bismuth  bars,  and  the  white  ones  small  bars  of  anti- 
mony. They  are  soldered  together  at  the  ends,  and  throughout  their 
length  are  usually  separated  by  strips  of  paper  merely.  A  collection 
of  pairs  thus  compactly  set  together  constitutes  a  thermo-electric 
pile,  a  dvawing  of  which  is  given  in  fig.  9. 


THEBHO-BLECTBIC  PIL& 


Tbo  oorrent  prodooed  by  heat  bting  always  from  biBmatb  to  anti' 
rnotiy  across  th«  heated  jonction,  a  moment's  inspeotion  of  Gg.  7  will 


ibow  Uiat  when  aaj  one  of  the  Jonotions,  a,  k,  is  heated,  a  oarrent 
ia  ganerated  opposed  in  direotioQ  to  that  generated  when  the  heat  is 
apphed  to  the  jnncl3onB-B,'B.    Hence,  in  the  case  of  the  thermo-elec- 
trie  pile,  the  tffwst  of  heat  (blUng  npon  its  two  oppoute  faces  is  to  J 
produce  currents  in  opposite  directions.    If  the  tem'perstare  of  the  I 
two  faces  be  alike,  the^  neutralize  each  otiier,  do  matter  how  highlj  f 
tliej  Miaj  bo  licated  absolute]; ;  bat  if  one  of  tliutn  be  wancier  than  , 
tbe  other,  a  current  is  produced.   The  current  is  thus  due  to  a  differ-  '■ 


eaee  of  temperature  between  the  two  faces  of  the  pile,  and  within 
oertain  limits  the  strength  of  the  current  is  eioctlj  proportional  to 
tbii  difference. 

From  the  jnnction  of  almost  .any  other  two  raotaU,  thermo-elec- 
tric carrents  may  be  obtained,  bat  thoy  are  most  readily  generated 
by  the  anion  of  bismuth  and  antimony." 

"  Tho  disooveiy  of  Ihermo-eleotricLty  Is  duo  to  Tliomfts  Sei:l»ck,  Proffsaor 
ID  tbc  L'nirersitj-  of  Berlia.     Sobili  conBtruotod  tha  flrsl  tlnsnno-cluelric  jiile ; 

sll  others  in  researches  on  radisnt  boat.  To  this  purpose  it  will  be  applied  on 
future  ooGssions. 
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NOTE  ON  THE  CONSTRUCTION  OF  THE  OALYANOMBTEB. 

The  existence  and  direction  of  an  electric  oorrent  are  shown  bj 
its  action  upon  a  freely  suspended  magnetic  needle. 

But  such  a  needle  is  held  in  the  magnetic  meridian  by  the  mag- 
netic force  of  the  earth.  Hence,  to  move  a  single  needle,  the  curreo^ 
must  overcome  the  magnetic  force  of  the  earth. 

Very  feeble  currents  are  incompetent  to  do  this  in  a  sufficiently 
sensible  degree.  The  following  two  expedients  are,  therefore,  com- 
bined to  render  sensible  the  action  of  such  feeble  currents : 

The  wire  through  which  the  current  flows  is  coiled  so  as  to  sur- 
round the  needle  several  times ;  the  needle  must  swing  freely  within 
the  coil.    The  action  of  the  single  current  is  thus  multiplied. 

The  second  device  is  to  neutralize  the  directive  force  of  the  earth, 
without  prejudice  to  the  magnetism  of  the  needle.  This  is  accom- 
plished by  using  two  needles  instead  of  one,  attaching  them  to  a 
common  vertical  stem,  and  bringing  their  opposite  poles  over  each 
other,  the  north  end  of  the  one  needle  and  the  south  end  of  the  other 

being  thus  turned  in  the  same  direc- 
tion. The  double  needle  is  represent- 
ed in  fig.  10. 

It  must  be  so  arranged  that  one  of 
the  needles  shall  be  within  the  coil 
through    which    the    current    flows, 

■  while  the  other  needle  swings  freely 
above  the  coil,  the  vertical  connect- 
ing piece  passing  through  an  appro- 

■  priate  slit  in  the  coil.  Were  both 
the  needles  within  the  coil,  the  same 

current  would  urge  them  in  opposite  directions,  and  thus  one  needle 
would  neutralize  the  other.  But  when  one  is  within  and  the  other 
without,  tlie  current  urges  both  needles  in  the  same  direction. 

The  way  to  prepare  such  a  pair  of  needles  is  this.  Magnetize 
both  of  them  to  saturation ;  then  suspend  tiicm  in  a  vessel,  or  under 
a  shade,  to  protect  them  from  air-currents.  The  system  will  proba- 
bly set  in  the  magnetic  meridian,  one  needle  being  in  almost  all  cases 
stronger  than  the  other;  weaken  the  stronger  needle  carefnlly  by 
the  touch  of  a  second  smaller  magnet.  When  the  needles  are  pre- 
cisely equal  in  strength,  they  will  set  at  right  angles  to  the  nytgnetU 
^neridian. 
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It  mii^t  be  sapposed  that  when  the  needles  are  equal  in  strength, 
the  directive  force  of  the  earth  would  be  completelj  annulled,  that 
the  doable  needle  would  he  perfectly  oitaUe^  and  perfectl j  neutral  as 
regards  direction ;  obeying  simply  the  torsion  of  its  suspending  fibre. 
This  would  be  the  case  if  the  magnetio  axes  of  both  needles  coald 
be  cansed  to  lie  with  mathematical  aoonracy  in  the  same  vertical 
plane.  In  practice  this  is  almost  impossible;  the  axes  always  cross 
each  other.  Let  nt^n'  tf  (fig.  11)  represent  the  axes  of  two  needles 
thns  croasing,  the  magnetic  meridian  being  parallel  to  m  x ;  let  the 
pole  n  be  dmwn  by  the  earth's  attractive  force  iiLthe  direction  nm; 
the  pole  a^  being  urged  by  the  repulsion  of  the  earth  in  a  precisely 


u. 


oppofnte  direction.  When  the  poles  n  and  tf  are  of  exactly  equal 
strength,  it  is  manifest  that  the  force  acting  on  the  polo  y,  in  the 
case  here  supposed,  would  have  the  advantage  as  regards  loveroge, 
and  would  therefore  overcome  the  force  acting  on  n.  Tho  crossod 
needles  would,  therefore,  turn  away  still  farther  from  the  magnetic 
meridian,  and  a  little  reflection  will  show  that  they  cannot  come  to 
rest  until  the  line  which  bisects  the  angle  enclosed  by  tlic  needles  is 
at  riirht  angles  to  the  magnetic  meridian. 

This  is  the  test  of  perfect  equality  as  regards  the  magnetism  of 
the  needles ;  but,  in  bringing  the  needles  to  this  state  of  perfection, 
we  have  often  to  pass  through  various  stages  of  obliquity  to  the  mag- 
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netio  meridian.  In  these  twses  the  saperior  itrength  of  one  needle 
k  eompeoaated  b;  bq  advaiitBge,  as  regards  leverage,  poewesed  bf 
the  other.  By  a  happy  accident,  a  tonoh  ie  »oroetunes  snffident  to 
make  the  noodles  perfectly  equal ;  but  many  hours  are  often  expend- 
ed in  seooring  this  result  It  is  only  of  conree  in  very  delirate  ex- 
periments that  this  perfect  equality  is  needed ;  but  in  snch  ezpati*  , 
menta  it  is  esaentiaL 

Another  grave  difficnlty  has  beset  experimenters,  even  after  Uit 
perfect  magnetiEation  of  their  needles  has  been  accomplished.  Sndi 
needles  are  sensitive  to  the  slightest  magnetic  action,  and  the  covered 
copper  wire,  of  which  the  galvanometer  ooils  are  formed,  nsnally 
oontaina  a  trace  of  iron  sufficient  to  deflect  the  prepared  needls 
from  its  true  position.  I  have  had  ooils  in  which  this  defleotioo 
amoonted  to  thirty  degrees ;  and,  in  the  splendid  instmmenta  used 
by  Professor  Da  Bois  Raymond,  in  his  researches  on  animal  eleo- 
trioity,  tbe  deflection  by  the  eoU  ia  sometimes  eren  greater  than  this. 
Helloni  encountered  this  diBBcnlty,  and  proposed  that  the  wires 
should  be  drawn  through  agate  holes,  thus  avoiding  all  contact  with 
iron  or  steel.  The  disturbance  has  always  been  ascribed  to  a  trtos 
of  iron  contuned  in  the  copper  wire.  Pare  silver  has  also  been  pro- 
posed instead  of  copper. 

To  pnrsue  bis  beantifol  thenno-electrio  researches  in  a  satisfao- 
tory  manner.  Professor  Uagnns,  of  Berlin,  obtained  pure  copper  by 
a  most  laborious  electrolytic  process,  and,  after  the  metal  had  be«B 
obtained,  it  required  to  be  melted  eight  times  in  succession  before  it 
conld  be  dn/ra  into  wire.  In  fact,  the  impurity  of  the  coil  entirely 
vitiated  the  accuracy  of  the  instmments,  and  alinoBt  aDy  anjonnt  of 
labor  would  be  well  expended  in  removing  this  groat  defect. 

My  own  experience  of  this  subject  is  instructive.  I  liad  a  bean- 
tifnl  instrument  constmoted  a  few  years  ago  by  Sanerwald,  of  Berlin, 
the  coil  of  which,  when  no  current  flowed  through  it,  deflected  my 
donble  needle  fully  thirty  d^^ee  from  tbe  zero  line.  It  was  impos- 
sible to  attain  quantitatiTe  accnraoy  with  this  inBtniinent. 

I  had  the  wire  removed  by  Mr.  Becker,  and  English  wire  Qsed 

D  its  Htead  ;  tlio  j 

>t  Kufficient  for  my  purpose. 

tie  possibility  of  obtaining 

f  diseonraging.    When  almost 

pnrred  to  me :  The  action  of  the 

it  iron  with  the  copper,  for  pure 
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copper  IB  diafimgnetio,  it  is  feebly  repeUed  by  a  strong  magnet.  Tbe 
magnet,  therefore,  oooorred  to  me  as  a  means  of  instant  analysis ;  I 
could  tell  by  it,  in  a  moment,  whether  my  wire  was  free  from  mag- 
netic metal  or  not. 

The  wire  of  M.  Sanerwald's  coil  was  strongly  attracted  by  the 
magnet.  The  wire  of  Mr.  Becker's  coil  was  also  attracted,  thoagh 
in  a  mnch  feebler  degree. 

Both  wires  were  covered  with  green  rilk;  I  removed  this,  but 
the  Berlin  wire  was  still  attracted ;  the  English  wire,  on  the  con- 
tnuy,  when  presented  naked  to  the  magnet,  was  feebly  repelled ;  it 
waa  truly  ^Uamagnetic,  and  contained  no  sensible  trace  of  iron. 
Thns  the  whole  annoyance  was  fixed  upon  the  green  silk ;  some  iron 
oomponnd  had  been  nsed  in  the  dyeing  of  it,  and  to  this  the  devia- 
tion of  the  needle  from  aero  was  manifratly  dae. 

I  had  tbe  green  coating  removed  and  the  wire  overspnn  with 
white  rilk,  dean  hands  being  osed  in  tbe  process.  A  perfect  gal- 
vanometer is  the  result ;  the  needle,  when  released  from  the  action 
of  the  corrent,  returns  accurately  to  zero,  and  is  perfectly  free  from 
all  magnetic  action  on  the  part  of  the  coil.  In  fact,  while  we  have 
been  devising  agate  plates  and  other  learned  methods  to  get  rid  of 
the  nnisaDce  of  a  magnetic  coil,  the  means  of  doing  so  are  at  hand. 
Let  the  copper  wire  be  selected  by  the  magnet,  and  no  difficulty  will 
be  experienced  in  obtaining  specimens  magnetically  pure. 
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CHAPTER  IL 


m    HATUU    or    niAT— TBI    MARBIAL    Tin»BT— THB    BTMAXICAL    nOBOBT- 

Mnxtrn  or  ais  in  motion— okmkiatioh  or  bbat  bt  botation  lurrwBw 

or  ▲  MAONXT — BXPBRIMBNTC  OW  BCMFOBO,  DAVT,  AND  JOCLB — TSB  IfBOBAIIKUa 
Rgl'IVALKNT  or  UBAT — HBAT  OBNEBATKD  BT  PBOJBCTIUS — HBAT  WDOfl  WOVLB  0 
GKNRBATXO  BT  BTOPPINQ  TUB  BABTH'S  MOTION — MBTBOBIO  TSBOBT  OT  TMB  NlfB  BUV 
— rLAMB  IN  ITS  BELATIOX  TO  TUB  UTNAMIOAL  TIIBOBT. 


APPBNDIZ :— EXTBA0T8  FBOM  BAOON  AND  BUMFOBD. 

(17)  rriHE  development  of  heat  by  meclianical  action  wa< 
-*-  illustrated  by  suitable  cxperiuieDts  when  we  last 
asRoinbled  here.  But  experimental  facts  alone  cannot  satisfy 
the  human  mind;  we  desire  to  know  the  cause  of  the  fact\ 
we  seart*h  after  the  principle  by  the  operation  of  which  the 
phenomena  are  produced.  Why  should  heat  be  generated  by 
meclianical  action,  and  what  is  the  real  nature  of  the  agent 
thus  generated?  Two  rival  theories  have  been  offered  in 
answer  to  these  questions,  which  are  named  respectively  the 
material  theory^  and  the  dynamical^  or  mechanical^  theory  of 
heat.  For  a  long  time,  however,  the  former  of  these — the 
material  theory — had  the  greater  number  of  adherents.  With- 
in certain  limits  it  involved  conceptions  of  a  very  simple  kind, 
and  this  simplicity  secured  its  general  acceptance.  The  ma- 
terial theory  supposes  heat  to  be  a  kind  of  matter — a  subtle 
fluid  stored  up  in  the  inter-atomic  spaces  cf  bodies.  The 
laborious  Gmelin,  for  example,  in  his  Handbook  of  Cliemistry, 
(h^fnics  heat  to  be  "that  substiuice  whust*  entrance  into  our 
Ixxlies  causes  the  sensation  of  warmth,  and  its  egress  the  sen* 
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sation  of  cold."*  He  also  speaks  of  heat  combining  with 
bodies  as  one  ponderable  substance  does  with  another;  and 
many  other  eminent  chemists  treat  the  subject  from  the  same 
point  of  view. 

-  (18)  The  development  of  heat  by  mechanical  means,  in- 
asmuch as  its  generation  seemed  unlimited,  was  a  great  diffi- 
culty with  the  materialists;  but  they  were  acquainted  with 
the  fact  (which  shall  be  amply  elucidated  on  a  future  occa- 
sion), that  different  bodies  possess  different  powers  of  holding 
heat^  if  such  a  term  may  be  employed.  Take,  for  example, 
the  two  liquids,  water  and  mercury,  and  warfn  a  pound  of 
each  of  them,  say  from  fifty  degrees  to  sixty.  The  absolute 
quantity  of  heat  required  by  the  water  to  raise  its  tempera- 
ture ten  degrees  is  fully  thirty  times  the  quantity  required 
by  the  mercury.  Technically  speaking,  the  water  is  said  to 
have  a  greater  capacity  for  heat  than  the  mercury  has,  and 
this  term  "  capacity "  suggests  the  views  of  those  who  in- 
vented it.  The  water  was  supposed  to  possess  the  power  of 
storing  up"  the  caloric  or  matter  of  heat; — of  hiding  it,  in 
fact,  to  such  an  extent  that  it  required  thirty  measures  of  this 
caloric  to  produce  the  same  sensible  effect  on  water  that  one 
measure  would  produce  upon  mercury. 

(19)  All  substances  possess,  in  a  greater  or  less  degree, 
this  apparent  power  of  storing  up  heat.  Lead,  for  example, 
possesses  it;  and  our  experiment  with  the  lead  bullet,  in 
which  heat  was  generated  by  compression,  was  explained  by 
those  who  held  the  material  fheory  in  the  following  way. 
The  uncompressed  lead,  they  said,  has  a  higher  capacity  for 
heat  than  the  compressed  substance;  the  size  of  its  atomic 
storehouse  is  diminished  by  compression,  and  hence,  when 
the  lead  is  squeezed,  a  portion  of  that  lieat  wliich,  previous 
to  compression,  was  hidden,  must  make  its  appearance,  for 
the  compressed  substance  can  no  longer  hold  it  all.  In  some 
similar  way  the  experiments  on  fi4ction  and  percussion  were 

•  Euglihh  translation,  vol.  i.  p.  22. 
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accouutcd  for.  Tbe  idea  of  calling  new  heat  into  existence 
was  rejected  by  the  believers  in  tbe  material  theory.  Accord- 
inir  to  their  views,  the  quantity  of  heat  in  the  universe  is  as 
constant  as  the  quantity  of  ordinary  matter,  and  the  utmost 
we  can  do  by  mechanical  and  chemical  means  is  to  store  i)p 
this  heat,  or  to  drive  it  from  its  lurking-places  into  the  open 

day. 

(20)  The  dynamical  theory,  or,  as  it  is  sometimes  called, 

Ithe  mechanical  theory  of  heat,  discards  the  idea  of  materiality 
as  applied  to  heat.  The  supporters  of  this  theory  do  not  be- 
lieve.heat  to  be  matter,  but  an  accident  or  condition  of  mat- 
ter; namely,  a  motion  of  its  ultimate  particles.  From  the 
direct  contemplation  of  some  of  the  phenomena  of  heat^  a 
profound  mind  is  led  almost  instinctively  to  conclude  that 
heat  is  a  kind  of  motion.  Bacon  held  a  view  of  this  kind,* 
and  Locke  stated  a  similar  view  with  singular  felicity. 
*•  Heat,"  he  says,  "  is  a  very  brisk  agitation  of  the  insensiUe 
parts  of  the  object,  which  produces  in  us  that  sensation  from 
whence  we  demonstrate  the  object  hot :  so,  what  iii  our  sensa- 
tion is  hecU^  in  the  object  is  nothing  but  motion.*^  The  ex- 
periments of  Count  Rumford  f  on  the  boring  of  cannon  have 
been  already  referred  to.  Now,  he  showed  tbat  the  hot  chips 
out  from  his  cannon  did  not  change  their  capacity  for  heat : 
he,  moreover,  collected  the  scales  and  powder  produced  by  the 
abrasion  of  his  metal,  weighed  them,  and  demanded  whether 
it  could  be  believed  that  the  vast  amount  of  heat  which  he 
had  generated  had  been  all  squeezed  out  of  that  modicum  of 
crushed  metal.  **  You  have  not,"  he  might  have  urged  on 
those  who  maintained  this  view,  "  given  yourselves  the  trouble 
to  inquire  whether  any  change  whatever  has  been  produced 
by  friction  in  the  capacity  of  the  metal  for  heat.     You  are 

♦  Sco  Appendix  to  this  Chapter. 

f  I  have  purtioular  plcosuro  in  directing  the  reader's  attention  to  an  ab- 
stract of  Count  Bumford's  memoir  on  the  Generation  of  Heat  by  Friotion, 
oontuiucd  in  the  Appendix  to  tfiis  Chapter.  Kumford,  in  this  memoir,  anni- 
hilutos  the  uiuteriul  theory  of  heat.  Nothing  more  powerAil  has  sinoe  been 
written. 


rUSION  OF  ICS  BY  FRICTION.  25 

quick  in  inventing  reasons  to  save  your  theory  from  destruc- 
tion, but  slow  to  inquire  whether  these  reasons  are  not  merely 
the  fine-spun  &ncies  of  your  own  brains."  Theories  are  in- 
dispensable, but  they  sometimes  act  like  drugs  upon  the  mind* 
Men  grow  fond  of  them  as  they  do  of  dram-drinking,  and  feel 
discontented  and  irascible  when  the  stimulant  to  the  imagina- 
tion is  taken  away. 

(21)  At  this  point  an  experiment  of  Davy  comes  forth  in      \ 
its  true  significance.*    Ice  is  solid  water,  and  the  solid  has 
only  one  half  the  capacity  for  heat  that  liquid  water  possesses,      j 
A  quantity  of  heat  which  would  raise  a  pound  of  ice  ten  de-     | 
grees  in  temperature  would  raise  a  pound  of  water  only  five     | 
degrees.     Further,  simply  to  liquefy  a  mass  of  ice,  an  enor- 
mous amount  of  heat  is  necessary,  this  heat  being  sp  utterly 
absorbed  or  rendered  '^latent"  as  to  make  no  impression 
upon  the  thermometer.    The  question  of  "  latent  heat "  shall 

be  fully  discussed  in  its  proper  place  :  what  I  am  desirous  of 
impressing  on  you  at  present  is,  that,  taking  the  materialists 
on  their  own  ground,  Uquid  water ^  at  its  freezing  temperature, 
possesses  a  vastly  greater  amount  of  heat  than  ice  at  the  same 
temperature. 

(22)  Davy  reasoned  thus  :  "  If  I,  by  friction,  liquefy  ice,  a 
substance  will  be  produced  which  contains  a  far  greater  abso- 
lute amount  of  heat  than  the  ice ;  and,  in  this  case,  it  cannot 
with  any  show  of  reason  be  affirmed  that  I  merely  render  sen- 
sible heat  which  had  been  previously  insensible  in  the  frozen 
mass.  Liquefaction  in  this  case  will  conclusively  demonstrate 
a  generation  of  heat."  He  made  the  experiment,  and  liquefied 
the  ice  by  pure  friction  ;  and  the  result  has  been  regarded  as 
the  first  which  really  proved  the  immateriality  of  heat. 

(23)  When  a  hammer  strikes  a  bell  the  motion  of  the 
hammer  is  arrested,  but  not  destroyed ;  it  has  bcQu  shivered 
into  vibrations,  which  impart  motion  to  the  air  and  affect  the 
auditor}'  nerve  as  sound.     So  also  when  our  sledge-liammer 

•  Works  of  Sir  .1,  Davy,  yol.  ii.  p.  1^. 
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detreoAmd  opoa  oiv  lead  boDec,  the  de8ceiidiii|r  motion  of  the 
^ed^re  ^>^  af7»»c^ ;  but  it  vas  not  destrojed.  The  motion 
was  iraMftrrtd  to  tkt  atoms  of  the  lead^  and  annouiiced  itself 
Ui  the  proper  nerre*  as  heaL  The  theory,  then,  which  Rum- 
foftl  so  powerfully  advocated,  and  whk^  Davy  so  ably  sup- 
pfrrted  *  is  that  heat  is  a  kind  of  molecular  motion  ;  and  that 
I IV  frirtioii,  percussion,  and  compression,  this  motion  may  be 
irrriPriiliHl,  as  well  as  by  combustion.  TTiis  is  the  theory 
wlili'li  \\  n\\\\\\  Ih!  my  aim  to  develop  until  your  minds  attain  to 
pMtfiMi  rliMiriiriw  regarding  it.  At  the  outset  you  must  exei^ 
fiof.  pMniMiiM'.  Wr  arc  entering  a  jungle,  and  striking  into 
Itif  tiKitiihtnn  In  mtlirra  random  fashion  at  first  But  we  shall 
lltMo  MtiikM  mir»nlv«'»  ftr(|uninted  with  the  general  character  of 
\\\\\  \\^^\^,  fitnl  with  duo  jMjrsistence  cut  through  all  entangle- 

(Oh  N  MU  liiivo  nlnuiily  witnossed  the  effect  of  projecting  a 
^itiuitl-  mI  iiitMi|u«iHti(nl  iiir  a/j^ainst  the  face  of  the  thenno- 
(:li.(hU'  jtiltt  (pHg<t  U).  The  instrument  was  chilled  by  the 
r.iiiu:u(  uf  air.  Now  heat  is  known  to  be  developed  when  air 
(a  i-.iiiM|iriibtt«Ml ;  and  I  have  been  asked  repeatedly  how  this 
hitui  wan  (liaposed  of  in  the  case  of  the  condensed  air  em- 
jihiyiul  in  the  experiment  referred  to.  Pray  listen  to  my  reply. 
Hiippiming  tlie  vessel  which  contained  tlie  air  to  be  formed  of 
a  8ii))Htaiioo  perfectly  impervious  to  heat,  and  supposing  all 
iho  heat  dtjveloped  by  my  arm,  in  compressing  the  air,  to  be 
retained  within  the  vessel,  that  quantity  of  heat  would  be  ex- 
acjtly  (competent  to  undo  what  had  been  done,  and  to  restore 
^\\i^  compressed  air  to  its  original  volume  and  temperature. 
Jiut  this  vessel  v  (fig.  12)  is  not  impervious  to  heat,  and  it  was 
not  ray  object  to  draw  upon  the  heat  developed  by  my  arm ; 

♦  In  Davy's  first  Bciontific  memoir  be  calls  heat  a  repulsive  motion,  which 
ho  says  muy  We  augmented  in  various  ways.  "  First,  by  the  transmutation 
of  mcehanicul  into  repulsive  motion  ;  that  is,  by  friction  or  percussion.  In 
thiH  ciise  tlic  mechauicol  motion  lot^t  by  tlie  masses  of  matter  in  friction  ii 
the  npulsive  motion  gained  by  their  corpuscles;"  an  extremely  remarkablo 
passuj^c.  I  have  given  i\irthor  extracts  from  this  paper  in  the  Appendix  to 
Chapter  III. 
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after  condensation,  therefore,  the  vessel  was  allowed  to  rest 
till  all  the  heat  generated  by  the  condensation  was  dissipated, 
and  the  temperature  of  the  air  within  and  without  the  vessel 
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was  the  same.  When,  therefore,  the  air  rushed  out,  it  had 
not  the  heat  to  draw  upon  which  had  been  developed  during 
compression.  The  heat  from  which  it  derived  its  elastic  force 
was  only  sufficient  to  keep  it  at  the  temperature  of  the  sur- 
n)unding  air.  In  doing  its  work  a  portion  of  this  heat,  equiv- 
alent to  the  work  done,  was  consumed,  and  the  issuing  air 
was  consequently  chilled.  Do  not  be  disheartened  if  this  rea- 
soning should  not  appear  quite  clear  to  3*ou.  We  are  now  in 
comparative  darkness,  but  as  we  proceed  light  will  gradually 
appear,  and  irradiate  retrospectively  our  present  gloom. 

(25)  Let  me  now  make  evident  to  you  that  heat  is  devel- 
oped by  the  compression  of  air.  Here  is  a  strong  cylinder  of 
^lass  T  u  (fig.  13),  accurately  bored,  and  quite  smooth  witliiii. 
Into  it  this  piston  fits  air-tight,  so  that,  by  driving  the  piston 
down,  the  air  underneath  it  is  forcibly  compressed  ;  and,  when 
the  air  is  thus  compressed,  heat  is  suddenly  generated.  Tin- 
der may  be  ignited  by  this  heat.     Here,  moreover,  is  a  morsel 
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of  cotton  wool,  wetted  with  an  inflammable  liquid,  the  bisul- 
phide of  carbon.  I  throw  the  bit  of  wet  cotton  into 
the  glass  syringe,  and  instantly  eject  it.  It  has  left 
behind  it  a  residue  of  vapor.  On  compressing  the  air 
suddenly,  the  heat  developed  is  sufficient  to  ignite 
the  vapor,  and  you  see  a  flash  of  light  within  the 
syringe.  Nor  is  it  necessary  to  eject  the  cotton ;  I 
replace  it  in  the  tube,  and  urge  the  piston  down- 
ward ;  you  see  the  flash  as  before.  If  with  a  narrow 
glass  tube  the  fumes  generated  by  the  combustion  of 
the  vapor  be  in  evftry  instance  blown  away,  without 
once  removing  the  cotton  from  the  syringe,  the  ex- 
periment may  be  repeated  and  the  flash  of  light  ob- 
tained twenty  times  in  succession. 

(26)  The  chilling  efiect  of  a  current  of  com- 
pressed air  on  the  thermo-electric  pile  has  been 
already  illustrated.  Here  is  another  illustration  of 
the  thermal  effect  produced  in  air  by  its  own  me- 
chanical action.  This  tin  tube  is  stopped  at  both 
ends,  and  connected  with  an  air-pump.  The  tube  is 
at  present  full  of  air,  and  the  face  of  the  thermo-elec- 
tric pile  rests  against  its  curved  surface.  The  galvanometer 
declares  that  the  face  of  the  pile  in  contact  with  the  tube  has 
been  warmed  by  the  latter.  I  was  prepared  for  this  result, 
having  reason  to  know  that  the  air  within  the  tube  is  slightly 
wanner  than  that  without.  We  will  now  cause  this  air  to 
p(jrform  work,  and  then  examine  the  thermal  condition  of  the 
vessel  in  which  the  work  has  been  performed.  We  will  work 
the  pump ;  the  cylinders  of  the  machine  will  be  emptied,  and 
tlio  air  within  this  tube  will  be  driven  into  the  exhausted  cyl- 
inders by  its  own  elastic  force.  This  is  the  work  that  it  per- 
forms, and  as  the  tube  is  exhausted  you  will  see  the  needle, 
which  is  now  deflected  so  considerably  in  the  direction  of  heat, 
dosoend  to  zero,  and  pass  quite  up  to  90°  in  the  direction  of 
(^old.  The  pninp  is  now  in  action,  and  you  observ'e  the  re- 
sult.    The  noedh^  falls  as  predicted,  and  its  advance  in  the  ^ 
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direction  of  cold  is  only  anested  by  its  concussion  against  the 
stops. 

(27)  Hiree  strokes  of  the  pump  suffice  to  chill  the  tube  so 
as  to  send  the  needle  up  to  90** ;  *  let  it  now  come  to  rest»  It 
would  require  more  time  than  we  can  afford  to  allow  the  tube 
to  assume  the  temperature  of  the  air  around  it;  but  the 
needle  is  now  sensibly  at  rest  at  a  good  distance  on  the  cold 
side  of  aera  Turning  on  this  cock,  the  air  will  rush  in,  and 
each  of  its  atoms  will  .hit  the  inner  surface  of  the  tube  like  a 
projectile.  The  mechanical  motion  of  the  atoms  will  be  there- 
by annihilated,  but  an  amount  of  beat  equivalent  to  this  mo- 
tion will  be  generated.  This  heat  will  be  sufficient  to  re- 
warm  the  tube,  to  undo  the  present  deflection,  and  to  send 
the  needle  up  on  the  heat  side  of  zero.  The  air  is  now  enter- 
ing, and  you  see  the  effect :  the  needle  moves,  and  goes  quite 
up  to  90^  on  that  side  which  indicates  the  heating  of  the 
pile.f 

(28)  I  have  now  to  direct  your  attention  to  an  important 
effect  connected  with  this  chilling  of  the  air  by  rarefaction. 
On  the  plate  of  the  air-pump  is  placed  a  large  glass  receiver, 
which  is  now  filled  with  the  air  of  this  room.  ITiis  air,  and, 
indeed,  all  air,  unless  it  be  dried  artificially,  contains  a  quan- 
tity of  aqueous  vapor,  which,  as  vapor,  is  perfectly  invisible. 
A  certain  temperature  is  requisite  to  maintain  the  vapor  in 

*  The  galvanometer  used  in  this  experiment  was  that  which  I  einploj  in 
my  original  re:searcho8 :  it  is  an  exceedingly  delicate  one.  When  hero  intro- 
duced, its  dial  was  illuminated  by  the  electric  light ;  and  an  image  of  it,  two 
feet  in  diameter,  was  projected  on  a  screen. 

t  In  this  experiment  a  mere  line  along  the  surface  of  the  tube  was  in  con- 
tact with  the  face  of  the  pile,  and  the  heat  had  to  propagate  itself  through  the 
tin  envelop  to  reach  the  instrument.  Previously  to  adopting  this  arrangement 
I  had  the  tube  pierced,  and  a  separate  pile,  with  its  naked  face  turned  inward, 
cemented  air-tight  into  the  orifice.  The  pile  came  thus  into  direct  contact 
with  the  air,  and  its  entire  face  was  exposed  to  the  action.  The  effects  thus 
obtained  were  very  largo  ;  suflielent,  indeed,  to  swing  the  needle  quite  i^und. 
My  desire  to  complicate  the  subject  as  little  as  possible  induced  me  to  abandon 
the  cemented  pile,  and  to  make  use  of  the  instrument  with  which  my  audience 
had  already  become  familiar.  With  the  arrangement  actually  adopted  the 
elTectB  were,  moreover,  so  large,  that  I  drew  only  on  a  portion  of  my  power. 
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this  invisible  state,  and  if  the  air  be  chiUed  so  as  to  tning  it 
below  this  temperature,  the  vapor  will  instautly  condense, 
and  form  a  visible  cloud.  Such  a  cloud,  which  you  will  re- 
member is  not  vapor,  but  liquid  water  in  a  state  of  fine 
division,  will  form  within  this  glass  vessel  B  (fig.  14),  when 
the  air  is  pumped  out  of  it;  and  to  make  this  effect  visible 
to  everybody  present,  to  those  rig'ht  and  left  of  me,  as  well  as 
to  those  in  front,  these  eig'ht  little  gas-jets  are  arranged  in  a 
semicircle  which  half  surrounds  the  receiver,  Elach  person 
present  sees  one  or  more  of  these  jets  on  looking  through  the 
receiver;  and  when  the  cloud  forms,  the  dimness  whidi  it 
produces  will  at  once  declare  its  presentje.  The  pump  is  now 
quickly  worked,  and  a  very  few  strokes  BuflSoe  to  precipitate 
the  vapor.    It  spreads  throughout   the  enHie  receiver,  and 


many  of  you  see  a  coloring  of  the  doud,  as  the  light  shioes 
throuph  it,  similar  to  that  observed  sometimes,  on  a  large 
scale,  around  tlic  moon.  When  the  air  is  allowed  to  reenter 
the  vessel,  it  is  heated,  exactly  as  in  the  experiment  with  our 
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tin  tube ;  the  cloud  melts  awaj,  and  the  perfect  transparency 
of  the  air  within  the  receiver  is  restored.* 

(29)  Sir  Humphry  Davy  refers,  in  his  Chemical  Philoso- 
phy, to  a  mainline  at  Sch^mnitas,  in  Hungary,  in  which  air 
was  compressed  by  a  oolumn  of  water  260  feet  in  height 
When  a  stopcodc  was  opened  so  as  to  allow  the  air  to  escape, 
a  degree  of  cold  was  produced  which  not  only  precipitated 
the  aqueous  vapor  diffused  in  the  air,  but  caused  it  to  con- 
geal in  a  shower  of  snow,  while  the  pipe  from  which  the  air 
issued  became  bearded  with  icicles.  **Dr.  Darwin,**  writes 
Davy,  **  has  ingeniously  explained  the  production  of  snow  on 
the  tops  of  the  highest  mountains,  by  the  precipitation  of 
vapor  from  the  rarefied  air  which  ascends  from  plains  and 
valleys.  The  Andes,  placed  almost  under  the  line,  rise  in  the 
midst  of  burning  sands ;  about  the  middle  height  is  a  pleasant 
and  mild  climate;  the  summits  are  covered  with  unchanging 
snows." 

(30)  And  now  I  would  request  your  attention  to  an  ex- 
periment, in  which  heat  will  be  developed  by  what  must  ap- 
pear to  many  of  you  a  very  mysterious  agency,  and  indeed 
the  most  instructed  among  us  know,  in  reality,  very  little 
about  the  subject.  I  wish  to  develop  heat  by  what  might 
be  regarded  as  friction  against  pure  space.  And,  indeed,  it 
may  be,  and  probably  is,  due  to  a  kind  of  friction  against  the 
inter-stellar  medium,  to  which  we  shall  have  occasion  to  refer 
more  fully  by-and-by. 

*  A  far  more  beautiful  mode  of  demonBtration  was  Bubnequently  resorted 
to.  Bemoving  the  lens  from  the  camera  of  an  electric  lamp,  tlio  ruy8  from 
the  c^al-points  issued  divergent.  A  largo  plano-convex  lens  was  placed  in 
front,  so  as  to  convert  the  divergent  cone  into  a  converjiront  one,  and  caused 
the  cone  to  pass  through  the  receiver.  .  Its  track  was  at  first  invisible,  but  two 
or  three  strokes  of  the  pump  precipitated  the  vapor,  and  then  the  track  of 
the  beam  through  the  receiver  resembled  a  white  solid  bar.  A^cr  crossing 
the  receiver,  the  light  fell  upon  a  white  screen,  and  exhibited  splendid  dif- 
frtction  colon)  when  the  cloud  formed.  In  my  recent  experiments,  clouds 
of  far  greater  density,  permanence,  and  splendor  of  color  than  those  obtain- 
ihle  from  aqueous  vapor  have  been  produced.  Aqueous  hydrochloric  acid 
yieldi  Buch  clouds.    See  Proceedings  of  Koyal  Society,  vol.  xvU.  p.  817. 
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«?I  Hrer?  3i>  &  3LJs»  :c  z*:a — ckts  c€m  Snk  of  m  huge  chain 
ie — «^-!L  2?  ^arr-rimiAfi  rw  iai»e  n^uple  coils  of  copper 
c  c  ix-  I>  %.  Aaii  v^iua  .-as.  3Bsck=.sIj  be  coorated  into  a 
IK»wrcxL  so^^iafc  bv  ftfoiiinx  ax  <uKtnc  trarreni  through  the 
w«L  Ycu  ««••  «iea  run*  ex:r«ix  ic»»  pc^rerftil  it  i&  Tliis 
|^'4s*r  ct'iTc^  v^  x«  A3ii  ;;ae9e  >rtt2«e*law  $crevs»  aad  nails  ding  to 
tW  p«.^^r.  Taraeu  -^cvaitf  S.-*  V3«  %ak  najgnet  will  hold  a  hM]i' 
h:^»ir«o-v>?^a«  ^s&fecttu  »»  each  oc  its  (K4eai»  umL  probably  a 
^xv^  ^.ic  u>*  !kfaT>fss  p«K>f!>tie  m  t£t2«  iv>c^  if  sospended  from 
the  we^ch:^.  At  uie  Frof^n*  ssf^al  ziv  assistant  wiU  internipt 
the  eivvmc  cyztvbl.  T^  irva  £alk  aad  all  the  magic  disap 
pears :  the  magnet  now  »  mete  oobudou  iroo.  On  the  ends 
of  the  ma^raet  an?  plte.'vd  tw»  pieo»  of  inn,  P  r — movable 
polesw  as  tbejr  are  called — ^vhich,  whea  the  magnet  is  unex- 
cited,  can  be  broc^ht  vithin  anr  lequiied  distance  of  ea<^ 
other.  When  the  excitiiu:  corrent  passes^  these  pieces  of 
irc*D  virtuallj  iorm  parts  of  the  magnet.  Between  them  I 
will  place  a  substance  which  the  magneto  even  when  exert- 
ing its  utmost  power,  is  incompetent  to  attract.  This  sub- 
stance b  simply  a  piece  of  silver — in  fiict,  a  silver  medal 
Wlien  it  is  brou^t  close  to  the  excited  magnet^  no  attimo- 
tion  ensues.  Indeed,  what  little  forte — and  it  is  ao  little  as 
to  be  utterly  insensible  in  these  experiments — the  magnet 
really  exerts  upon  the  silver  is  repulsive,  instead  of  attne- 
tive. 

(32)  Suspending  thb  medal  between  the  poles  P  P  of  the 
mai^rnet,  I  send  the  current  through  the  coiL  The  medal 
hangs  between  the  poles ;  it  is  neither  attracted  nor  repelled, 
but,  if  we  seek  to  move  it,  we  encounter  resistance.  To  turn 
the  medal  round  this  resistance  must  be  overcome,  the  silver 
moving  as  if  it  were  surrounded  by  a  viscous  fluid.  This  ex- 
trar>rfJinary  eflect  may  also  be  rendered  manifest  in  another  way. 
C*ausing  this  rectangular  plate  of  copper  to  pass  quickly  to  and 
fro  like  a  saw  between  the  poles  p  p,  with  their  points  turned 
toward  it ;  you  seem,  though  j-ou  can  see  nothing,  to  be  sawing 
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through  a  mass  of  cheese  or  butter.*  No  effect  of  this  kind  is 
noticed  when  the  magnet  is  not  active ;  the  copper  saw  then 
encounters  nothing  but  the  infinitesimal  resistance  of  the  air. 

(33)  Thus  far  jou  have  been  compelled  to  tfke  my  state* 
ments  for  granted,  but  an  experiment  is  here  arranged  which 
will  make  this  strange  action  of  the  magnet  on  the  silver 
medal  strikingly  manifest  to  you  alL  Above  the  suspended 
medal,  and  attached  to  it  by  a  bit  of  wire,  is  a  little  reflecting 
pyramid  M,  formed  of  four  triangular  pieces  of  looking-glass : 
both  the  medal  and  the  reflector  are  suspended  by  a  thread 
which  was  twisted  in  its  manufactmre,  and  which  will  untwist 
itself  when  the  weight  which  it  sustains  is  set  free.  When 
from  this  electric  lamp  a  strong  beam  of  light  is  caused  to  fall 
upon  the  little  pyramid,  the  light  is  reflected,  and  you  see 
these  long  luminous  spokes  moving  through  the  dusty  air  of 
the  room  as  the  mirror  turns. 

(34)  Let  us  start  it  from  a  state  of  rest.  The  beam  now 
pjisses  through  the  room  and  strikes  against  the  white  wall 
As  the  mirror  commences  rotating,  the  patch  of  light  moves, 
at  first  slowly,  over  the  wall  and  ceiling.  The  motion  qmck- 
rns  and  now  you  can  no  longer  see  the  distinct  patches  of 
liirht,  but  instead  of  them  you  have  this  splendid  luminous 
|niii«1  fnllv  twiMily  ffc't  in  diameter  drawn  upon  the  wall  by 
Ihit  iiiil.  U  lolulliHi  of  tin*  reflected  beams.  At  the  word  of 
iiiiiiiiiiiiMil  Hit*  iiiiijiiM*!  will  be  excited.  See  the  effect:  the 
Mii'iliil  DIM  HIM  bhitnli  (l(*ii(l  by  the  magnet,  the  band  suddenly 
ilinii|i|MMirN,  iiiiii  llmn^  \t)ii  Imvc  the  single  patch  of  light  upon 
th(«  Willi.  'I'h'**  Mhaii^t^  I'fMiilt  is  produced  without  any  visible 
rlHiiiK'*  •'*  ^'"'  hpui'ii  l>flw!»on  the  two  poles.  Observe  the 
pili/ilii  iinHitiii  iif  llii^  iiiiii^o  on  the  wall:  the  tension  of  the 
MliiiiH  i'*  ^li^iKK'ii'K  \y'\t\\  an  unseen  antagonist  and  producing 
fliiii  nil >l  ion.  ll  in  hiicIi  iih  would  be  produced  if  the  medal, 
hinh  .ni  oC  Immii^  H(n'i'ouii(l(*(l  by  air,  were  immersed  in  a  pot  of 
In  M«  ll*.     ( )ii  ilcmlroyiii^  I  lie  nm;]^nctic  power,  the  viscous  char- 

Aii  (ixporiiiiitiiL  of  Kitniday'ri.     lie  nUo  was  the  first  to  arrest  by  a  magnet 
otioii  of  n  H]iiiiiiiii^'  iMitiu  of  copper. 
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Boter  of  the  space  between  the  poles  instantlj  disappears ;  the 
medal  be^ns  to  twu*l  as  before ;  there  are  the  revolving  beams  ; 
and  there  is  now  the  luminous  band.  I  again  excite  the  mag- 
net :  the  beams  are  struck  motionless,  and  the  band  disappears. 

(35)  By  the  force  of  the  hand  this  resistance  can  be  over- 
come and  the  medal  turned  roimd ;  but^  to  turn  it,  force  must 
be  expended.  What  becomes  of  that  force  ?  It  is  converted 
into  heat.  The  medal,  if  forcibly  compelled  to  turn,  will  be- 
come heated.  Many  of  you  are  acquainted  with  the  grand 
discovery  of  Faraday,  that  electric  currents  are  developed 
when  a  conductor  of  electricity  is  set  in  motion  between  the 
poles  of  a  magnet.  We  have  these  currents  here,  and  they 
are  competent  to  heat  the  medaL  But  what  are  these  ciu> 
rents  ?  How  are  they  related  to  the  space  between  the  mag^ 
netic  poles — ^how  to  the  muscular  force  which  is  expended  in 
their  generation  ?  We  do  not  yet  know,  but  we  shall  know 
by-and-by.  It  does  not  in  the  least  lessen  the  interest  of  the 
experiment  if  the  force,  of  my  arm,  previous  to  appearing  as 
heat,  appears  in  another  form — in  the  form  of  electricity.  The 
result  is  the  same  :  the  heat  developed  ultimately  is  the  exact 
equivalent  of  the  power  employed  to  move  the  medal  in  the 
excited  magnetic  field. 

(30)  I  wish  now  to  make  evident  to  all  here  present  this 
development  of  heat.  Here  is  a  solid  metal  cylinder,  the 
core  of  wliich  is  composed  of  a  metal  more  easily  melted  than 
its  outer  case.  The  outer  case  is  copper,  and  this  is  filled  by 
a  hard  but  fusible  alloy.  Tlie  cylinder  is  set  upright  between 
the  conical  poles,  P  P  (fig.  16),  of  the  magnet.  A  string,  s  s, 
f)asses  from  the  cylinder  to  a  whirling  table,  by  which  the  cyl- 
inder may  be  caused  to  spin  round.  It  might  turn  till  dooms- 
day with  the  magnet  unexcited,  and  not  produce  the  effect 
sought ;  but,  when  the  magnet  is  in  action,  an  amount  of  heat 
will  be  developed  sufficient  to  melt  the  core  of  tliat  cylinder, 
and,  if  successful,  I  will  poiu-  the  liquid  metal  out  before 
you.  Two  minutes  will  suffice  for  the  experiment.  The 
cylinder  is  now  rotating,  its   upper   end    being  open.     We 
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will  permit  it  to  remain  open  until  the  liquid  metal  is 
seen  epatteriug  over  the  poles  of  the  magnet  The  metallio 
spny  is  already  there,  though  a  minute  has  scaioelj  elapsed 


since  the  commencement  of  the  experimrat,  I  now  stop  Ok 
motion  for  a  moment,  cork  up  the  end  of  the  cylinder,  so  u 
to  prevent  the  loss  of  the  metal,  and  let  the  action  continue 
for  half  a  minute  longer.  Tlie  entire  maGs  of  the  core  is  now 
melted.  J  withdraw  the  cylinder,  remove  the  corlc,  and  thus 
pour  out  before  you  the  liquefied  alloy.* 

(37)  It  is  now  time  to  consider  more  closely  than  we  hare 
hitherto  done  the  relation  of  the  lieat  developed  by  mechanical 
action  to  the  force  which  produces  it  Doubtless  this  relation 
floated  in  many  minds  before  it  received  either  correct  enun- 
ciatioQ  or  experimental  proof.  The  celebrated  Montgolfior  en- 
tertained the  idea  of  the  equivalence  of  heat  and  mechanical 
work ;  and  the  idea  has  been  developed  by  his  nephew  M. 
S<;giiin,  in  his  work  "  On  the  Influence  of  Railways,"  printed 
in  1830.  Those  who  reflect  on  vital  processes — on  the  changes 
which  occur  in  the  animal  body — and  the  relation  of  the  forces 
invulvfil  in  f<io<l  lo  muscular  force,  are  led  naturally  to  entei^ 
tain  the  idea  of  intcrdepcTidence  between  these  forces.  It  is, 
therefiirc,  not  a.  matter  of  surprise  that  the  nian  who  was  one 
of  the  firs),  if  not  the  first,  to  raise  the  idea  of  equivalence 
botwcc'i)  liciit  and  mechanical  energy,  and  of  the  mutual  con- 

"  The  dpvelnpnient  of  heat  bj  raiming  o  conductor  to  TBToIto  between 
Ihc  polfg  of  a  iiiBRncI  wiw  fimt  i-ffeolcd  by  Mr.  Joule  (PhiL  lift.  vol.  uiil. 
8d  Si-ricB,  yi'iir  IMS,  pp.  86S  snd  ISft),  and  hiH  experiment  wta  ■fterwird  le- 
rivud  in  ■  KtrikiiiK  fiirra  by  M.  Foucuult.  The  «rliflee  abovo  deaeribed,  of 
niaing  tlie  roro  out  of  tlio  ojliuder,  rt-ndcre  the  eiperimpnt  very  cffBrtiTe  in  b 
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TertibQitj  of  natural  powers  generally,  to  true  philoflopbic 
cleamesB  in  his  own  mind,  was  a  plijsician.  Dr.  Mayer,  of 
Heilbronn,  in  Crermanj,  enunciated  in  1842*  the  relation 
which  subsists  between  the  forces  of  inorganic  nature.  He 
first  calculated  the  ^  mechanical  equivalent  of  heat,  and  fol- 
lowed up,  as  will  be  shown  in  due  time,  the  statement  of  tlio 
principle  by  its  fearless  application*  But  the  intuitions  of 
Mayer  required  experimental  proof;  and  to  Dr.  Joule,  of  Man- 
chester, belongs  the  honor  of  being  the  first  to  give  a  decisive 
demonstration  of  the  correctness  of  the  dynamical  theory.f 
Entirely  independent  of  Mayer,  and  undismayed  pj  the  cool- 
ness with  which  his  first  labors  appear  to  have  been  received, 
he  persisted  for  years  in  his  attempts  to  prove  the  invaria- 
bility of  the  relation  of  heat  to  ordinary  mechanical  power. 
He  placed  water  in  a  suitable  vessel,  agitated  the  water  by 
paddies,  and  determined  both  the  amount  of  heat  developed 
by  the  stirring  of  the  liquid,  and  the  amount  of  labor  ex- 
pended in  its  production.  He  did  the  sam3  with  mercury 
and  with  spenn-oil.  He  also  caused  disks  of  cast-iron  to  rub 
app^iinst  each  other,  and  measured  the  heat  produced  by  their 
friction,  and  the  force  expended  in  overcoming  it.  He  urp^t^cl 
water  through  capillary  tubes,  and  determined  the  amount  of 
heat  generated  by  the  friction  of  the  liquid  against  the  sides 
of  the  tubes.     And  his  experiments  leave  no  shadow  of  doubt 

*  Liebis?'8  Annalcn,  vol.  xlii.  p.  2.33;  Phil.  Ma^.,  4th  Series,  vol.  xxiv. 
p.  .171 ;  and  in  r^tum^,  Phil.  Mag.  vol.  xxv.  p.  378.  I  ara  indebted  to  Mr. 
Wlicutrttone  for  the  peruBal  of  a  ruro  and  curioun  pamphlet  by  G.  Rcbenstcln, 
with  the  following  (translated)  title :  "  Projrresii  of  our  Time,  (feneration 
ot*  Iloat  without  Fuel ;  or,  Doacription  of  a  ^feehanieal  Procerus,  baned  on 
physical  and  inatheniatical  proofs,  by  which  Caloric  may  be  extracted  from 
Atrao^*J»he^ic  Air,  and  in  a  high  detrree  concentrated.  Tlie  cheapest  Substi- 
tute for  Fuel  in  most  cases  where  combustion  is  necessary.*'  Rcbenstein  dir- 
ilue^'s  from  the  experiments  of  Dulong  the  quantity  of  boat  evolved  in  the 
coinpre:fsion  of  a  gas.  No  glimpse  of  the  dynamical  theory  is,  however,  to 
be  found  in  his  paper ;  his  lieat  is  matUr  (  Wdrm<iftf]f)  which  is  squeez«d  out 
of  the  air  as  water  is  out  of  a  sponge. 

t  Phil.  Mag.,  Aug.  18G3.  Mr.  Joule^s  oxporimcnts  on  the  mechanical 
•quivalcnt  of  heat  extend  firom  1843  to  18-10. 
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upon  the  mind  that,  under  all  circumstanoes,  the  quantity  of 
heat  generated  by  the  same  amount  of  force  is  fixed  and  in- 
variable. A  given  expenditure  of  force,  in  causing  the  iron 
disks  to  rotate  against  each  other,  produced  precisely  the  same 
amount  of  heat  as  when  it  was  applied  to  agitate  water,  mercury, 
or  sperm-oiL  At  the  end  of  the  experiments,  the  temperatures 
in  the  respective  cases  would,  of  course,  be  very  different; 
the  temperature  of  water,  for  example,  would  be  only  ^th  of 
that  of  mercury,  because,  as  we  already  know,  the  capacity  of 
water  for  heat  is  thirty  times  that  of  mercury.  Dr.  Joule 
took  this  into  account  in  reducing  his  experiments,  and  found, 
as  already  stated,  that,  however  the  temperatures  might  differ, 
in  consequence  of  the  different  capacities  for  heat  of  the  sub- 
stances employed,  the  absolute  amount  of  heal  generated  by 
the  same  expenditure  of  power  was  in  all  cases  the  same. 

(38)  In  this  way  it  was  proved  that  the  quantity  of  heat 
necessary  to  raise  one  pound  of  water  one  degree  Fahrenheit 
in  temperature,  is  equal  to  that  generated  by  a  pound  weight, 
falling  from  a  height  of  772  feet  against  the  earth.  Con- 
versely, the  amount  of  heat  necessary  to  raise  a  pound  of 
water  one  degree  in  temperature,  would,  if  all  applied  me- 
chanically, be  competent  to  raise  a  pound  weight  772  feet 
high,  or  it  would  raise  772  lbs.  one  foot  high.  The  term 
"  foot-pound  "  has  been  introduced  to  express  in  a  convenient 
way  the  lifting  of  one  pound  to  the  height  of  a  foot.  Thus, 
the  quantity  of  heat  necessary  to  raise  the  temperature  of  a 
pound  of  water  one  degree  Fahrenheit  being  taken  as  a  stand- 
H-rd,  772  foot-pounds  constitute  what  is  called  the  mechanical 
equivalent  of  heat.  If  the  degrees  be  centigrade,  1,390  foot- 
pounds constitute  the  equivalent.* 

*  In  1848  an  es^ay  entitled  "  Theses  concerning  Force  "  was  presented  to 
the  Royal  Society  of  Copenhagen  by  a  Danish  philosopher  named  Golding. 
At  this  early  date  M.  Colding  sought  to  ascertain  the  quantity  of  heat  gen- 
orated  by  the  friction  of  various  metals  against  each  other  and  against  other 
Hubstanoes,  and  to  determine  tiic  amount  of  mechanical  work  conanmed  in  its 
gcueration.  In  an  account  of  his  researches  given  by  himself  in  the  Philo- 
■'>pl«ical  Magazine  (vol.  xxvii.  p.  56),  he  states  that  the  leault  of  his  ezpeii- 
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(39)  In  order  to  impiiDt  upon  jour  minds  the  thermal  effect 
produced  by  a  body  jhUing  from  a  height,  I  will  go  through  the 
operation  of  allowing  a  lead  ball  to  fall  frofti  our  ceiling  upon 
this  floor.  That  the  ball  is  at  the  present  moment  slightly 
colder  than  the  air  of  this  room  is  proved  by  bringing  the  lead 
into  contact  with  the  thermo-electric  pile ;  the  deflection  of  the 
needle  indicates  cold.  On  the  floor  is  placed  a  slab  of  iron,  in- 
tended to  receive  the  lead,  and  also  cooler  than  the  air  of  the 
room.  At  the  top  of  the  house  is  an  assistant,  who  will  pull 
up  the  ball  by  means  of  a  string.  He  will  not  touch  the  ball, 
nor  will  he  allow  it  to  touch  any  thing  else.  The  letfd  now  falls 
and  is  received  upon  the  plate  of  iron.  The  amount  of  heat 
generated  by  a  single  descent  is  very  small,  because  the  height 
is  inconsiderable ;  we  will,  therefore,  allow  the  ball  to  be  drawn 
up  and  to  descend  three  or  four  times  in  succession.  We  have 
now  arrived  at  the  fourth  collision.  I  place  the  ball,  which  at 
the  commencement  produced  cold,  again  upon  the  pile,  and  tlic 
immediate  deflection  of  the  needle  in  the  opposite  direction  de- 
clares the  lead  to  be  heated;  this  heat  is  duo  entirely  to  the 
destruction  of  the  moving  energy  which  the  ball  poss<:ssod 
when  it  struck  the  plate  of  iron.  According  to  our  theory,  the 
common  mechanical  motion  of  the  lead,  as  a  mass,  has  boon 

inont«,  nearly  200  in  numbor,  was  that  the  heat  disengaged  wo:*  ulwuys  in 
proportion  to  the  mechanical  enerjry  lost.  Independently  of  the  nintiriuls  by 
wliiob  the  heat  was  generated,  M.  Coldin«r  found  tlmt  an  amount  of  lie.il  ('f^'ni- 
pt'tent  to  mipe  a  pound  of  water  1*  C.  would  raise  a  weij^bt  of  a  pound  1,14ft 
fwt  hijrh  ;  a  most  remarkable  result.  M.  Coldinjj  starts  from  the  principle 
that,  ^'asthc  forces  of  Nature  arc  something  sj>irituiil  and  immaterial-  enti- 
ties whereof  we  are  cognizant  only  by  their  mastery  over  Nature — tho-^o  cnti- 
tii-s  must  of  course  be  very  superior  to  every  thinj^  material  in  the  world  ; 
and,  as  it  is  obvious  that  it  is  through  them  only  that  the  wisdom  we  percrive 
and  admire  in  Nature  expresses  itself,  these  powers  must  evidently  be  in  re- 
lation to  the  spiritual,  immaterial,  and  intellectual  power  itself  that  guid^-s 
Nsiture  in  its  progress;  but,  if  such  is  the  case,  it  is  consequently  quite  im- 
possible to  conceive  of  these  forces  as  any  thing  naturally  mortal  or  perish- 
ble.  Surely,  therefore,  the  forces  ought  to  be  regarded  as  absolutely  imperish- 
ublc."  The  case  of  M.  Colding  shows  how  a  speculation,  though  utterly 
nnphysii-al,  may,  by  stimulating  experiment,  be  the  means  of  developing  im- 
portant physical  reitults. 
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tniiisfi'ired  to  the  atoms  of  the  mass,  producing  among  tbem 
the  iigiUitioii  we  call  heat. 

(40)  We  can  readily  calculate  the  amount  of  heat  generated 
in  this  ex(>erimcnt.  The  space  fallen  through  hj  the  ball  in 
each  instance  is  twenty-six  feet.  The  heat  generated  is  pro 
]x>rtional  to  the  height  through  which  the  body /alls.  Now  a 
ball  of  lead  in  falling  through  772  feet  would  generate  heat 
sulllciont  to  niise  its  own  temperature  30°  Fahr.,  its  "capacitj" 
b<Mng  ^0^th  of  that  of  water:  hence,  in  falling  through  26  feet, 
which  is  in  round  numbers  -^th  of  772,  the  heat  generated 
would,  if  all  concentrated  in  the  lead,  r.iise  its  temperature 
one  degree.  Tiiis  is  the  amount  of  heut  generated  bj  a  single 
dcsctMit  of  the  ball,  and  four  titncs  this  amount  would,  of  course, 
he  generated  by  four  descents.  The  In 'at  generated  is  not, 
however,  all  concentrated  in  the  ball;  a  small  portion  of  it  be- 
longs to  the  iron  on  which  the  ball  falls. 

(41)  It  is  needless  to  say,  that  if  motion  be  imparted  to  a 
body  by  other  means  than  gravity,  the  destruction  of  this  mo- 
tion also  produces  heat.  A  rifle-bullet  when  it  strikes  a  tar- 
g(;t  is  intensely  heated.  Tlie  mechanical  equivalent  of  heat 
enablc»s  us  to  calculate  with  accuracy  the  amount  of  heat  gcu- 
eratrd  by  the  bullet,  when  its  velocity  is  known.  Tliis  is  a 
point  worthy  of  our  attention,  and  in  dealing  with  it  permit 
me  to  address  myself  to  those  of  my^audience  who  are  nnao* 
quaint  I'd  even  with  the  elements  of  niechauicB.  Everybody 
knows  that  the  greater  the  height  is  from  which  a  body  fiilb, 
the  greater  is  the  force  inth  which  it  strikes  the  earthy  and 
that  this  is  entirely  due  to  the  greater  velocity  imparted  to  tlie 
body  in  falling  from  the  gn^atcT  height.  The  velocity  impart* 
ed  to  th(?  iKxly  is  not,  however,  proportional  to  the  height  from 
which  it  falls.  If  the  height  be  augmented  fourfold,  the  velo- 
city is  augmented  only  twofold;  if  the  height  be  augmented 
iiiiicfoM,  tli(^  velocity  is  augmented  only  threefold;  if  the 
liciirlit  ho  augmented  sixteenfold,  the  velocity  is  augmented 
only  fourfold;  or,  ex})resse(l  generally,  the  height  is  propor- 
tional to  the  square  of  the  velocity. 
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(42)  But  the  heat  generated  by  the  collision  of  the  falling 
body  increases  simply  as  the  height ;  consequently,  the  heat 
generated  increases  as  the  square  of  the  velocity » 

(43)  I£i  therefore,  we  double  the  velocity  of  a  projectile, 
we  augment  the  heat  generated,  when  its  moving  force  is  de- 
stroyed, fourfold ;  if  we  treble  its  velocity,  we  augment  the 
heat  ninefold ;  if  we  quadruple  the  velocity,  we  augment  the 
heat  sixteenfold,  and  so  on. 

(44)  The  velocity  imparted  to  a  body  by  gravity  in  falling 
tiirough  772  feet  is,  in  roimd  numbers,  223  feet  a  second ;  that 
is  to  say,  immediately  before  the  body  strikes  the  earth,  this 
is^its  velocity.  Six  times  this  quantity,  or  1,338  feet  a  second, 
would  not  be  an  inordinate  velocity  for  a  rifle-bullet. 

(45)  But  a  rifle-bullet,  if  formed  of  Jead,  moving  at  a  velo- 
city of  224  feet  a  second,  would  generate  on  striking  a  target 
an  amount  of  heat  which,  if  concentrated  in  tlie  bullet,  would, 
as  already  shown,  raise  its  temperature  30°  F. ;  with  6  times 
this  velocity  it  would  generate  36  times  the  amount  of  heat ; 
hence  36  times  30,  or,  1,080°,  would  represent  the  augmenta- 
tion of  the  temperature  of  the  bullet  on  striking  a  target 
with  a  velocity  of  1,338  feet  a  second,  if  all  the  heat  generated 
were  confined  to  the  bullet  itself.  This  amount  of  beat  would 
be  sufficient  to  fuse  a  portion  of  the  lead.  Were  the  ball  iron 
instead  of  lead,  the  heat  generated,  under  the  conditions  sup- 
posed, would  be  competent  to  raise  the  temperature  of  the? 
ball  only  about  ^  of  1,080°,  because  the  capacity  of  iron  for 
heat  is  about  three  times  that  of  lead. 

(46)  From  these  considerations  it  is  manifest  that  if  we 
know  the  velocity  and  weight  of  any  projectile,  we  can  calcu- 
late with  ease  the  amount  of  heat  developed  by  the  destruc- 
tion of  its  moving  force.  For  example,  knowing  as  we  do  the 
weight  of  the  earth  and  the  velocity  with  which  it  moves 
through  space,  a  simple  calculation  enables  us  to  state  the 
exact  amount  of  heat  which  would  be  developed,  supposing 
the  earth  to  strike  against  a  target  strong  enough  to  stop  its 
motion.     We  could  tell,  for  example,  the  number  of  degrees 
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nihilates  mere  magnitude  in  its  dealings  with  laic,  comes  cou- 
spicuouslj  into  play.     Our  theory  is  applicable  not  only  to 
suns  and  planets,  but  equally  so  to  atoms.     Most  of  you  know 
the  acientific  history  of  the  diamond — ^that  Newton,  antedating 
iBtellectiially  the  diaooveries  of  modem  chemistry,  pronounced 
ii  to  be  ma  unctuous  or  combustible  substance.    Everybody 
now  koowB  that  thia  brilliant  gem  is  composed  of  the'  same 
•ubatmBoe  as  oommon  charcoal,  graphite,  or  plumbaga    A 
diamond  is  pure  carbon,  and  carbon  bums  in  oxygen.    Here 
is  a  dlamoDd,  held  £ut  in  a  loop  of  platinum-wire ;  heating 
the  gem  to  redness  in  this  flame,  I  plunge  it  into  this  jar, 
which  ccmtains  oi^gen  gas.    See  how  it  brightens  on  entering 
the  jar  of  ojcygen,  and  now  it  glows,  like  a  little  star,  with  a 
pare  white  light    Howare  we  to  figure  the  action  here  going 
00?    BLucUy  as  70a  would  present  to  your  minds  the  idea  of 
meteorites  showering  down  upon  the  son.    The  conceptions 
are,  in  quality,  the  same,  and  to  the  intellect  the  one  is  not 
BKm  difficult  than  the  other.    Tou  are  to  figure  the  atoms  of 
oxygen  showering  against  this  diamond  on  all  sides.    They 
are  urged  toward  it  by  what  is  called  chemical  a£Bni1y ;  but 
this  ftxroe,  made  dear^  presents  itself  to  the  mind  as  pure  at- 
tnetkm,  of  die  same  mechanical  quality,  if  I  may  use  the 
term,  as  gravity.     Every  oxygen  atom  as  it  strikes  the  sur- 
lace,  and  has  its  motion  of  translation  destroyed  by  its  colli- 
sion with  the  carbon,  assumes  the  motion  which  we  call  heat ; 
and  this  heat  is  so  intense,  the  attractions  exerted  at  these 
molecular  distances  are  so  mighty,  that  the  crystal  is  kept 
white-hot,  and  the  compound,  formed  by  the  union  of  its  atoms 
with  those  of  the  oxygen,  flies  away  as  carbonio-acid  gas. 

(49)  Let  us  now  pass  firom  the  diamond  to  ordinary  flame. 
Before  you  is  an  ignited  jet  of  gas.-  What  is  the  constitution 
of  the  jet  ? '  M^thin  the  flame  we  have  a  core  of  gas  as  yet 
unbumt,  and  outside  the  flame  we  have  the  oxygen  of  the  air. 
The  surfiice  of  the  core  of  gas  is  in  contact  with  the  air,  and 
here  it  is  that  the  atoms  clash  together  and  produce  light  and 
heat  by  their  collision.     But  the  exact  constitution  of  the 
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flame  is  worthy  of  our  special  attention,  and  for  our  knowledge 
of  this  we  are  indebted  to  one  of  Davy'e  most  beautiful  inve»- 
tigations.  Soal-gas  is  what  we  call  a  hydm-carbon ;  it  oon- 
sists  of  carbon  and  hydrogen  in  a  etate  of  chemical  unioa 
From  this  tranaparent  gas  escape  the  soot  and  lampbUdk 
which  we  notice  when  the  oombuetion  is  incomplete.  Soot 
uiid  lampblack  are  there  now,  but  they  are  compounded  with 
other  substances  to  a  transparent  form.  Here,  then,  we  han 
a  surface  of  this  compound  gas,  in  presence  of  the  oxygen  of 
our  air;  we  apply  heat,  and  the  attractions  are  instantly  bo 
intensified  that  the  gas  bursts  into  flame.  The  oxygen  has  a 
choice  of  two  partners,  and  it  closes  with  that  for  which  it  hu 
the  strongest  attraction.  It  first  unites  with  llie  bj^drogen, 
and  sets  the  carbon  free.  Innumerable  solid  particles  of  ca^ 
bnn  thus  scattered  in  the  midst  of  the  burning  hydrogen  are 
raised  to  a  state  of  intense  incandescence ;  they  become  white- ' 
hot,  and  mainly  to  them  the  li'ffAt  of  our  lamps  it  due.  The 
carbon,  however,  in  due  time,  closes  with  the  oxygen,  and  be- 
comes, or  ought  to  become,  carbonic  acid ;  but  in  passing  from 
the  hydrogen  with  which  it  was  first  combined,  to  the  oxygen 
with  which  it  enters  into  final  union,  it  exists  for  a  time  in  the 
solid  state,  and  then  gives  us  the  splendor  of  its  light. 

(oO)  The  combustion  of  a  candle  is  in  principle  the  same 
fia  that  of  a  jet  of  gas.     Here  we 
have  A  rod  of  wax  or  tallow  (fig. 
17),  through  which  passes  a  cot- 
ton wick.    You  ignite  the  wick; 
it  bums,  melts  the  tallow  at  its 
base,  the  liquid  aaoends  through 
i  wick  by  capillary  attraction, 
it  is  converted  by  the  heat  into 
vapor,  and  this  vapor  is  a  hydro- 
cnrbon,  which  bums  exactly  like 
:  gas.    In   this  ease  also  you 
have  unbumt  vapor  within,  com- 
'  mon  (ur  without,  while  between 
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both  18  a  ahell,  which  forma  the  battle-ground  of  the  ftlf>aliing 
atoms,  where  they  develop  their  light  and  heat  There  is  hardljr 
any  thing  more  beautiful  than  a  burning  candle :  the  hollow 
basin  partially  filled  with  melted  matter  at  the  base  of  the 
wide ;  the  creeping  up  of  the  liquid ;  its  vaporization ;  the 
atnicture  of  the  flame ;  its  shape  tapering  to  a  point ;  the 
cODveiging  air<wrrent8  ^diich  rush  in  to  supply  its  needs.  Its 
beauty,  its  brightness,  its  mobility,  have  made  it  a  fiivorite 
type  of  spiritual  essences ;  and  its  dissection  by  Davy,  fiar 
from  diminishing  the  pleasure  with  which  we  look  upon  a 
flame,  has  rendered  it  move  tiiian  ever  an  object  of  wonder  to 
tiie  enlightened  mind. 

(51)  You  ought  now  to  be  able  to  picture  clearly  before 
your  minds  the  structure  of  a  candle-flame.  You  ought  to 
aee  the  unbumt  core  within  and  the  burning  shell  which 
envelops  this  core.  From  the  core,  through  tiiis  shell,  the 
substance  of  the  candle  is  incessantly  passing  and  escaping  to 
the  surrounding  air.  In  the  case  of  a  candle  also  we  have  a 
hollow  cone  of  burning  matter.  Imagine  this  cone  cut  across 
horizontally ;  a  burning  ring  would  be  exposed.  We  can 
practically  cut  the  flame  of  a  candle  thus  across.  I  bring  this 
piece  of  white  paper  down  upon  the  candle,  until  the  paper 
almost  touches  the  wick.  Observe  the  upper  surface  of  the 
paper ;  it  becomes  charred,  but  how  ?  Corresponding  to  the 
burning  ring  of  the  candle,  we  have  a  charred  ring  upon  the 
paper  (fig.  18).     Operating  in  the  same  manner  with  a  jet  of 

Flo.  18. 


gas,  we  obtain  the  ring  which  it  produces.  Within  the  ring 
the  paper  is  intact,  for  at  this  place  the  unbumt  vapor  of  the 
candle,  or  the  unburnt  gas  of  the  jet,  impinges  against  the 
surface,  and  no  charring  can  occur. 
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(52)  To  the  existence,  then,  of  solid  carbon-particles  tb 
liglit  of  our  lain])s  is  mainly  due.  ])ut  the  existence  o 
those  particles,  in  the  single  state,  implies  the  absence  o 
oxygi*n  to  seize  hold  of  them.  If,  at  the  moment  of  the 
liberation  from  the  hydrogen,  oxygen  were  present  to  seu 
u[x>n  them,  their  state  of  singleness  would  be  abolished,  an 
wo  slumld  no  longer  have  their  light.'  For  this  reason,  whe 
wo  mix  a  sufficient  quantity  of  air  with  the  gas  issuing  froi 
a  jot,  and  thus  cause  the  oxygen  to  penetrate  to  the  ver 
hoari  «»f  the  jot,  the  ligbt  disappears. 

(*k))  Pn^fossor  Bunscn  has  invented  a  burner  for  the  expres 
ptirfHisk'  of  destroying,  by  quick  combustion,  the  solid  carba 
luirtiolos,  llie  burner  from  which  the  gas  escapes  is  intrc 
drntnl   into  a  tube;  this  tube  is  perforated  nearly  on  a  levc 

with  tlie  burner,  and  through  the  orifices  th 

^       m  air  enters,  mingles  with  the  gas,  and  the  mix 

tlQ^    1  ture  issues  from  the  top  of  the  tube.     Fig.  II 

represents  a  fonn  of  this  burner ;  the  gas  ii 
discharged  into  the  perforated  chamber  a 
where  air  mingles  with  it,  and  both  ascend  the 
tulx)  u  h  together ;  cf  is  a  rose  burner,  whici 
may  be  used  to  vary  the  sha})e  of  tlie  flame 
I  iufnite  the  mixture,  but  the  flame  producec 
\\M\\\\  anv  li^ht.  Iloat  is  the  thing  here  aimed  at,  and  thif 
h"  hi  loss  Haino  is  much  hotter  than  an  ordinary  flame,  because 
ihoooiubustion  isuiuoh  quicker,  and  therefore  more  hitense.*  If 
tho  oiilloos  ill  <i  bo  stopped,  the  supply  of  air  is  cut  off,  and 
lholl;inu»at  onoo  iH^conies  luminous:  we  have  now  the  ordi- 
iiin  V  iMiso  o'(  a  ooro  of  unburnt  gas  surrounded  by  a  burning 
j.hoil.  'Dm*  illuminating  power  of  a  gas  may,  in  fact,  be  esti 
iinilrj  by  tho  (piantity  of  air  necessary  to  prevent  the  pre 
,  i|iil(i(ioii  of  !ho  solid  carbon-particles  ;  the  richer  the  gas,  the 
iiiMiv  jiir  will  1)(^  ro(iuired  to  produce  this  effect. 

(M)    An  iiitorcsting  observation  may  be  made  almost  anj 

•  Noi   Ii..ti<  r,  nor  nearly  so  li(it,  to  a  hody  exposed  to  its  radiation;  bui 
»ry  iiiucli  hotter  to  a  hody  jffun(/ed  in  the  flame. 
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windy  Saturdajr  eveniiig  in  the  streets  of  London,  on  the 
sudden  and  almost  total  extinction  of  the  light  of  the  gas- 
jets,  exposed  chiefly  in  butchers'  shops.  When  the  wind 
UowSy  the  oxygen  is  carried  mechanically  to  the  very  heart 
of  the  flame,  and  the  white  light  instantly  vanishes  to  a  pale 
and  ^bastly  blue.  During  festive  illuminations  the  same  effect 
may  be  observed ;  the  absence  of  the  light  being  due,  as  in 
the  case  of  Bunsen's  burner,  to  the  presence  of  a  sufficient 
amount  of  oxygen  to  ocmsume,  instantly,  ilie  carbon  of  the  flame. 
(55)  To  determine  the  influence  of  height  upon  the 'rate  of 
combustion,  was  one  of  the  problems  set  before  me  in  my 
journey  to  the  Alps  in  1859.  Fortunately  for  science,  I  in- 
vited Dr.  Frankland  to  accompany  me  on  the  occasion,  and  to 
undertake  the  experiments  on  combustion,  while  I  proposed 
devoting  myself  to  observations  on  solar  radiation.  The  plan 
pursued  was  this :  six  candles  were  purchased  at  Chamouni 
and  carefully  weighed ;  they  were  then  allowed  to  bum  for 
an  hour  in  the  H6t«l  de  PUnion,  and  the  loss  of  weight  was 
determined.  The  same  candles  were  taken  to  the  summit  of 
Mont  Blanc,  and,  on  the  morning  of  August  21,  1859,  were 
allowed  to  bum  for  an  hour  in  a  tent,  which  perfectly  shel- 
tered them  from  the  action  of  the  wind.  The  aspect  of  the 
six  flames  at  the  summit  surprised  us  both.  They  seemed 
the  mere  ghosts  of  the  flames  wliich  the  same  candles  w(Te 
competent  to  produce  in  the  valley  of  Chamouni — pale,  feeble, 
and  suggesting  to  us  a  greatly  diminished  energy  of  com- 
bustion. The  candles  being  carefully  weighed  on  our  return, 
the  unexpected  fact  was  revealed,  that  the  quantity  of  stearinc 
consumed  above  was  almost  precisely  the  same  as  that  con- 
sumed below.  Thus,  though  the  light-giving  power  of  the 
flame  was  diminished  in  an  extraordinary  degree  by  the  ele- 
vation, the  energy  of  the  combustion  was  the  same  above  as 
it  was  below.  This  curious  result  is  to  be  ascribed  mainly  to 
the  mobility  of  the  air  at  this  great  height.  The  particles  of 
oxygen  could  penetrate  the  flame  with  comparative  freedom, 
thus  destroying  its  light,  and  making  atonement  for  the  small- 
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ness  of  their  number  by  the  promptness  of  their  actaon.  I 
find,  indeed,  that  by  reducing  the  density  of  ordinary  atmos- 
pheric air  to  one-half,  we  nearly  double  the  mobility  of  iii 
atoms. 

(56)  Dr.  Frankland  has  made  these  experiments  the  bssii 
of  a  very  interesting  memoir.*  He  shows  that  the  quantity 
of  a  candle  consumed  in  a  giyen  time  is,  within  wide  limits, 
independent  of  the  density  of  the  air ;  and  the  reason  is,  that 
although  by  compressing  the  air  we  augment  the  number  of 
active  particles  in  contact  with  the  flame,  we,  almost  in  the 
same  degree,  diminish  their  mobility  and  retard  the  combus- 
tion. When  an  excess  of  air,  moreover,  surrounds  the  flame, 
its  chilling  eflect  will  tend  to  prolong  the  existence  of  the  car- 
bon-particles  in  a  solid  form,  and  even  to  prevent  their  final 
combustion.  One  of  the  most  interesting  £EM;ts  established  by 
Dr.  Frankland   is,  that  by  condensing  the  air  around  it,  the 

*  pale  and  smokeless  flame  of  a  spirit-lamp  may  be  rendered  as 
bright  as  that  of  coal-gas,  and,  by  pushing  the  condensation 
sufficiently  far,  the  flame  may  actually  be  rendered  smoky,  the 
oxygon  present  being  too  sluggish  to  effect  the  complete  com- 
bustion of  the  carbon, 

(57)  Hut  to  return  to  our  theory  of  combustion :  it  is  to 
the  clashing  together  of  the  oxygen  of  the  air  and  the  con- 
stituents of  our  gas  and  candles,  that  the  light  and  heat  of  our 
flames  are  due.  When  steel  filings  are  scattered  in  this  Bun- 
sen's  flame,  you  see  the  starlike  scintillations  produced  by  the 
combustion  of  the  steel.  Here  the  steel  is  first  heated,  till  the 
attniction  lK»tween  it  and  the  oxygen  of  the  air  becomes  suflS- 
ci(Mitly  stn^ug  to  cause  them  to  combine,  and  these  rockefc-like 
flash(^s  are  the  result  of  their  collision.  It  is  the  impact  of 
atoms  of  oxygen  against  atoms  of  sulphur  which  produces  the 
h(»at  and  flame  observed  when  sulphur  is  biuned  in  oxygen  or 
in  air:  to  the  cH>llision  of  the  same  atoms  against  phosphorus 
an*  due  the  intense  heat  and  dazzling  light  which  result  firom 
the  comhustion  of  phospliorus  in  oxygen  gas.     It  is  the  col- 

♦  Pliilosophioal  Trunsactions  for  1861. 
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lUicHi  of  ohlorine  and  antimony  which  produces  the  light  and 
heat  obseiTed  when  these  bodies  are  mixed  together ;  and  it 
18  the  claahing  of  sulphur  and  copper  which  produces  incan- 
descence when  these  substances  are  heated  together  in  a  Flor- 
ence flask.  Ihshor^alloasesof  combustion  are  to  be  ascribed 
to  the  coIUsloii  of  atoms  which  have  been  urged  together  by 
their  mutual  attractions. 


iO  HEAT  AS  A  MODE  OF  MOTIOV. 


APPENDIX  TO  CHAPTER  IL 


EXTRACTS  FBOH  THE  TWENTIETH  APHORISM  OF  THE   BEOQHD  BOOK 

OF  THE  ^  NOVUM  OROANUM.** 

When  I  mt  of  motion  that  it  is  the  genns  of  which  heat  is  s 
species  I  would  be  Dnderstood  to  mean,  not  that  heat  generates  mo- 
tion, or  tliat  motion  ironorates  heat  (though  both  are  troe  in  oertsin 
CU80S),  but«  that  heat  itself,  its  essence  and  quiddity,  is  motion  and 
nothing  else;  limited,  however,  by  the  speciflo  differences  which  I 
will  presently  subjoin^  as  soon  as  I  have  added  a  few  cautions  lor  the 
sake  of  avoiding  ambiguity.  .  .  . 

Nor,  again,  must  the  communication  of  heat,  or  its  transitiTe 
nature,  by  means  of  which  a  body  becomes  hot  when  a  hot  body  is 
applied  to  it,  be  confounded  with  the  form  of  heat.  For  heat  is  one 
thing,  and  heating  is  another.  Heat  is  produced  by  the  motion  of 
attrition  without  any  preceding  heat.  .  .  . 

Heat  is  an  expansive  motion,  whereby  a  body  strives  to  dOste 
and  stretch  itself  to  a  larger  sphere  or  dimension  than  it  had  pre- 
viously iKTupied.  This  difference  is  most  observable  in  flame,  where 
tlie  smoke  or  thick  va]H)r  manifestly  dilates  and  expands  into  flame. 

It  is  shown  alsi>  in  all  boiling  liquid,  which  manifestly  swells, 
rises,  and  bubbles,  and  carries  on  the  process  of  self-expanaion,  till 
it  turns  into  a  body  fsir  more  extended  and  dilated  than  the  liquid 
itself,  namely,  into  vapor,  smoke,  or  air. 

The  third  specific  ditferencc  is  this,  that  heat  is  amotion  of  expan* 
sion,  not  uniformly  of  the  whole  body  together,  but  in  th«  smaller 
parts  of  it;  and  at  the  same  time  checked,  repelled,  and  beaten 
back,  so  that  tlio  bo<ly  acquires  a  motion  altematlTe,  perpetually 
quivering,  striving,  and  struggling,  and  irritated  by  repercussion, 
whence  springs  the  fury  of  tire  and  heat. 

Again,  it  is  shown  in  this,  that  when  the  air  is  expanded  in  a 
calendar  glass,  without  impediment  or  repulsion,  that  is  to  say,  nni» 
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fbrmly  and  equably,  there  is  no  perceptible  heat  Also,  when  wind 
eocapee  from  confinement^  although  it  burst  forth  with  the  greatest 
▼iolenoe,  there  is  no  very  great  heat  perceptible,  because  the  motion 
is  of  the  whole,  without  a  motion  alternating  in  the  particles. 

And  this  spedfio  difference  is  common  also  to  the  nature  of  cold ; 
for  in  cold,  contractiye  motion  is  checked  hj  a  resisting  tendency  to 
expand,  Jnst  as  in  heat  the  expansive  action  is  checked  by  a  eesisting 
tendency  to  contract.  Thus,  whether  the  particles  of  a  body  work 
inward  or  outward,  the  mode  of  action  is  the  same. 

Now  from  this,  our  first  vintage,  it  follows  that  the  form  or  true 
definition  of  heat  (heat^  that  is,  in  relation  to  the  universe,  not  sim- 
ply in  rdation  to  man)  is,  in  a  few  words,  as  follows:  Meat  i$  a  mo- 
/im,  as^MHiMM,  reUramedy  and  aetitig  in  it$  §trife  upon  the  $maller 
parUelm  9f  bodim.  But  the  expansion  is  thus  modified :  whUe  it 
expandB  all  t0ay«,  it  hat  at  the  eame  time  an  inclination  upward. 
And  the  struggle  in  the  particles  is  modified  also ;  it  i$  not  $luggithy 
lut  hurried  and  with  violence,* 


ABffTRACT  OF  COUNT  RUMFOBD'8  ESSAY,  ENTITLED  ''AN  ENQUIBT 
CONCERNINO  THE  SOUBOE  OF  THE  HEAT  WHICH  IB  EXCITED  BT 
FRICTION.'' 

[Bead  he/ore  the  Boyal  Society,  January  25, 1798.] 

Beiup;  engaged  in  superintending  the  boring  of  cannon  in  the 
workshops  of  the  military  arsenal  at  Munich,  Count  Raniford  was 
struck  with  the  very  considerable  degree  of  heat  which  a  brass  gun 
acquires,  in  a  short  time,  in  being  bored,  and  with  the  still  more  in- 
tense heat  (much  greater  than  that  of  boiling  water)  of  the  metallic 
chips  separated  from  it  by  the  borer,  he  proposed  to  himself  the 
following  questions : 

"  Whence  comes  the  heat  actually  produced  in  the  mechanical 
Iteration  above  mentioned  ? 

*'  Is  it  furnished  by  the  metallic  chips  which  are  separated  from 
the  metal  ? '' 

If  this  were  the  case,  then  the  eapacityfor  heat  of  the  parts  of 
like  metal  so  reduced  to  chips  ought  not  only  to  be  changed,  but  the 

♦  Bncon*8  Works,  vol.  iv. :  Spcdding's  Translation. 
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change  undergone  by  them  shoald  be  saffioientlj  great  to  aoooont  for 
all  the  heat  produced.  No  such  change,  however,  had  taken  place, 
for  the  chips  were  found  to  have  the  same  capacitj  as  slices  of 
tlie  same  metal  cut  by  a  fine  saw,  where  heating  was  ayoided. 
Hence,  it  is  evident,  that  the  heat  produced  could  not  poasiblj  have 
been  famished  at  the  expense  of  the  latent  heat  of  the  metallio 
chips.  Rumford  describee  these  experiments  at  length,  and  thej  are 
conclusive. 

He  then  designed  a  cylinder  for  the  express  purpose  of  generating 
heat  by  friction,  by  having  a  blunt  borer  forced  against  its  solid  bot- 
tom, while  the  cylinder  was  turned  round  its  axis  by  the  force  of 
horses.  To  measure  the  heat  developed,  a  small  roond  hole  was 
bored  in  the  cylinder  for  the  purpose  of  introducing  a  small  mercurial 
thermometer.  The  weight  of  the  cylinder  was  118*18  lbs.  avoirda- 
pois. 

The  borer  was  a  flat  piece  of  hardened  steel,  0*68  of  an  inch  thick, 
4  inches  long,  and  nearly  as  wide  as  the  cavity  of  the  bore  of  the 
cylinder,  namely,  8^  inches.  The  area  of  the  surface  by  which  its 
end  was  in  contact  with  the  bottom  of  the  bore  was  nearly  2^  inches. 
At  the  beginning  of  the  experiment  the  temperature  of  the  air  in  the 
shade,  and  also  that  of  the  cylinder,  was  60  degrees  Fahr.  At  the 
end  of  80  minutes,  and  after  the  cylinder  had  made  960  revelations 
round  its  axis,  the  temperature  was  found  to  be  180  degrees. 

Having  taken  away  the  borer,  he  now  removed  the  metallic  dust, 
or  rather  scaly  matter,  which  had  been  detached  from  the  bottom  of 
the  cylinder  by  the  blunt  steel  borer,  and  found  its  weight  to  be  887 
grains  troy.  **  Is  it  possible,"  he  exclaims,  ^^that  the  very  consider- 
able quantity  of  heat  produced  in  this  experiment — a  quantity  which 
actually  raised  the  temperature  of  above  118  pounds  of  gan-metai  at 
least  70  degrees  of  Fahrenheirs  thermometer— could  have  been  tar- 
nished by  so  inconsiderable  a  quantity  of  metallic  dust,  and  this 
merely  in  consequence  of  a  change  in  its  capacity  for  heat?  " 

*''•  But,  without  insisting  on  the  improbability  of  this  supposition, 
we  have  only  to  recollect  that  from  the  results  of  actual  and  decisive 
experiments,  made  for  the  express  purpose  of  ascertaining  that  ftct, 
the  capacity  for  heat  of  the  metal  of  which  great  guns  are  cast  is  mot 
tensibly  changed  by  being  reduced  to  the  form  of  metallic  chips,  and 
there  does  not  seem  to  be  any  reason  to  think  that  it  can  be  mudi^ 
changed,  if  it  be  chan^^ed  at  all,  in  being  reduced  to  much  smaller 
pieces  by  a  borer  which  is  less  sharp." 
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He  uezt  sarroanded  his  cylinder  by  an  oblong  deal-box,  in  snch 
a  manner  that  the  cylinder  conld  torn  water-tight  in  the  centre  of 
the  box,  while  the  borer  waa  pressed  against  the  bottom  of  the  cylin- 
der. The  box  was  filled  with  water  until*  the  entire  cylinder  was 
covered,  and  then  the  apparatos  was  set  in  action.  The  temperature 
of  the  water  on  commencing  was  60  degrees. 

'^The  result  of  ibis  beaatiAil  experiment,"  writes  Rumford,  "  was 
▼ery  striking,  and  the  pleasure  it  afforded  me  amply  repaid  me  for 
all  the  trouble  I  had  had  in  contriving  and  arranging  the  complicated 
machinery  used  in  making  it.  The  cylinder  had  been  in  motion  but 
a  short  time,  when  I  perceived,  by  putting  my  hand  into  the  water, 
and  touching  the  outside  of  the  cylinder,  that  heat  was  generated. 

^  At  the  end  of  <me  hour  the  fluid,  which  wdghed  18*77  lbs.,  or 
8i  gallons,  had  its  temperature  raised  47  degrees,  being  now  107 
degrees. 

^*  In  thirty  minutes  more,  or  one  hour  and  thirty  minutes  after 
the  machinery  had  been  set  in  motion,  the  heat  of  the  water  was 
142  degrees. 

*'  At  the  end  of  two  hours  from  the  beginning,  the  temperature 
was  176  degrees. 

*^  At  two  hours  and  twenty  minutes  it  was  200  degrees,  and  at 
two  hours  and  thirty  minutes  it  actually  boilfd  I " 

It  13  in  reference  to  this  experiment  that  Rumford  made  the  re- 
marks regarding  the  surprise  of  the  by-standers,  which  I  have  quoted 
in  Chapter  I. 

He  then  carefully  estimates  the  quantity  of  heat  possessed  by  eac)i 
portion  of  Ins  apparatus  at  the  conclusion  of  the  experiment,  and, 
adding  all  together,  finds  a  total  sufScient  to  raise  26*58  lbs.  of  ice- 
cold  water  to  its  boiling-point,  or  through  180  degrees  Fahrenheit. 
By  careful  calculation,  he  finds  this  heat  equal  to  that  given  out  by 
the  combustion  of  2,808'8  grains  {^•^o  oz.  troy)  of  wax. 

lie  then  determines  the  **  celerity  "  with  which  the  heat  was  gen- 
erated, summing  up  thus :  ^*  From  the  results  of  these  computations, 
it  appears  that  the  quantity  of  heat  produced  equably,  or  in  a  con- 
tinuous stream,  if  I  may  use  the  expression,  by  the  friction  of 
the  blunt  steel  borer  against  the  bottom  of  the  hollow  metallic 
cylinder,  was  greater  than  that  produced  in  the  combustion  of  nine 
ftax-eajidles,  each  three-quarters  of  an  inch  in  diameter,  all  burning 
together  with  clear  bright  flames. 

*^One  horse  would  have  been  equal  to  the  work  performed. 
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thoagh  two  were  actual!?  employed.  Heat  may  thus  be  produced 
merely  by  the  strength  of  a  horse,  and,  in  a  case  of  neceteity,  tliia 
heat  might  be  used  in  cooking  victuala.  But  no  circumstences 
could  bo  imagined  in  which  this  method  of  procuring  heat  would  be 
advantageou^  f<»r  more  heat  might  be  obtained  by  using  the  fodder 
necesAary  for  the  support  of  a  horse  as  fuel." 

[This  is  an  extremely  significant  passage,  intimating  as  it  does, 
that  Humford  saw  clearly  that  the  force  of  animals  was  deriTed 
from  the  food;  no  creation  qf  force  taking  place  in  the  animtl 
\hh\y.] 

""  Hy  nie<]itating  on  the  results  of  all  these  experiments,  we  are 
naturally  brought  to  that  great  question  which  has  so  often  been 
the  subje<t  of  speculation  among  phUosophers,  namely,  What  is  heat 
— is  there  any  hucIi  thing  as  an  igneous  fluid  t  Is  there  any  thing 
that,  with  propriety,  can  be  called  caloric? 

*'  We  have  seen  that  a  very  considerable  quantity  of  heat  may  be 
excited  by  the  friction  of  two  metallic  surfaces,  and  given  off  in  t 
constant  stream  or  flux  in  all  direction^  without  interruption  or 
intenniNsion,  and  without  any  signs  of  diminution  or  exhauBtiofk 
In  reasoning  on  this  subject  we  must  not  forget  that  mo$t  rewtarh- 
able  cirrunutancfy  that  the  source  of  the  heat  generated  by  fric- 
tion in  these  experiments  appeared  evidently  to  be  in^xAayitible, 
[Tlie  italics  are  Rumford's.]    It  is  hardly  necessary  to  add,  that 
any  thin^  wliich  any  insulated  body  or  system  of  bodiea  can  con- 
'  tinue  to  furnish  without  limitation  cannot  possibly  be  a  WMteritd 
$uh$tanre ;  and  it  appears  to  me  to  be  extremely  difficult,  if  not 
quite  impossible,  to  form  any  distinct  idea  of  any  thing  ei^ble  of 
being  exciti^I  and  communicated  in  those  experiments,  except  it  be 

MOTION'." 

When  the  history  of  the  dynamical  theory  of  heat  is  written,  the 
man  who,  in  opposition  to  the  scientific  belief  of  his  time,  could  ex- 
periment and  reason  upon  experiment,  as  Rumford  did  in  the  inves- 
tigation hero  referred  to,  cannot  be  lightly  passed  over.  Hardly 
any  thing  more  powerful  against  the  materiality  of  heat  has  been 
since  adduced,  hardly  any  thing  more  conclusive  in  the  way  of  es- 
tablishing that  heat  is,  what  Rumford  considered  it  to  be,  JK^tMk 
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CHAPTER  m. 


ANBIOK  :  THX  SOLm,  UQIHX),  AKD  OASKOVB  WOKMB  OF  MATTKB— HIW  HTPOTBaUB 

«AU>nro  'mx  ooirtnTunoK  or  oasm— oonrpiomrr  op  azPAHiiOK— hxat  dcpastbd 

TO  A  OA8  VTDBB  OOlfSTAMT  PBnBUBB— HXAT  UPABTBD  TO  A  OAB  AT  OOHBTANT 
TOlXniS — XATKB^B  OALOULATIOlT  OV  TBS  MBOBAXIOAL  SQirrVALBlIT  OV  HBAT— DH^- 
TATION  OP  OASKS  WITHOUT  XSFMOSEATIOir— ABSOLUTl  ZBBO  OP  TSMPSSATmO— BX- 
PAITBIOir  OP  LIQUIDS  AlTD  SOLIDS :  AKOXALOUB  DSPOBTMBITT  OP  WATKX  AND  BISMUTH 
— BKKBOT  OP  THB  POBOB  OP  OBTSTALLIZATION~THEXMAL  XPPBOT  OP  STBBTCnilfO 
WIBBS — AKOMALOUS  DKPOBTMXVT  OP  INDIA-BUBBEB. 


APPKXDIX:    ADDITIOXAL    DATA    COirCBBKING    BZPAN8I0K— BXTKAOT8    PBOM  BIB  H.  DATY^B 
nSBT  BOIKXTIFIC  XBXOIB :  PUBION  OF  ICB  BT  PBICmON,  ETO. 

(58)  /^N  the  occasion  of  our  first  meeting  here  a  sledge- 
^^  hammer  was  permitted  to  descend  upon  a  lump  of 
lead,  and  the  lead  was  found  to  have  been  heated  by  the  blow. 
Formerly  it  was  assumed  that  the  force  of  the  hammer  was 
simply  lost  by  the  concussion.  In  elastic  bodies  it  was  sup- 
posed that  a  portion  of  the  force  was  restored  by  the  elasticity 
of  the  body,  which  caused  the  descending  mass  to  rebound ; 
but  in  the  collision  of  inelastic  bodies  it  was  taken  for  grant- 
ed that  the  force  of  impact  was  lost.  This,  according  to  our 
present  notions,  was  a  fundamental  mistake ;  we  now  admit 
no  loss,  but  assume  that,  when  the  motion  of  the  descending  I 
hammer  ceases,  it  is  simply  a  case  of  transference,  instead  of  | 
annihilation.  The  motion  of  the  mass,  as  a  whole,  has  been  / 
transformed  into  a  motion  of  the  molecules  of  the  mass.  This 
motion  of  heat,  however,  though  intense,  is  executed  within 
limits  too  minute,  and  the  moving  particles  are  too  small  to 
be  visible.     Here  the  imagination  must  help  us.     In  the  case 
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/jf    of  solid  bodies,  while  the  force  of  cohesion  still  holds  the 
'     molecules  togetlier,  you  must  conceive  a  power  of  yibratioo, 
:i     within  certain  limits,  to  be  possessed  by  the  molecules.    You 
I     must  suppose  them  oscillating  to  and  fro,  and  the  greater  the 
amount  of  heat  we  impart  to  the  body,  or  the  greater  the 
amount  of  mechaniq^l  action  which  we  invest  in  it  by  percus- 
sion, compression,  or  friction,  the  greater  will  be  the  rapidity, 
and  the  wider  the  amplitude,  of  the  atomic  oscillations. 

(59)  Now,  nothing  is  more  natural  than  that  particles  thus 
vibrating,  and  ever  as  it  were  seeking  wider  room,  should  uige 
each  other  apart,  and  thus  cause  the  body,  of  which  they  are 
the  constituents,  to  expand  in  volume.  This,  in  general,  is 
the  consequence  of  imparting  heat  to  bodies — expansion  of 
volume.  We  shall  closely  consider  the  few  apparent  excep- 
tions by-and-by.  By  the  force  of  cohesion,  then,  the  particles 
are  held  together ;  by  the  force  of  heat  they  are  pushed  asun- 
der :  here  are  the  two  antagonistic  powers  on  which  the  mo- 
lecular aggregation  of  the  body  depends.  Let  us  suppose  the 
communication  of  heat  to  continue ;  every  increment  of  heat 

I  pushes  the  particles  more  widely  apart ;  but  the  force  of  co- 
hesion, like  all  other  known  forces,  acts  more  and  more  feebly 
as  the  distance  between  the  particles  which  are  the  seat  of 
the  force  is  augmented.  As,  therefore,  the  heat  strengthens, 
its  opponent  grows  weak,  until,  finally,  the  particles  are  so 
far  loosened  from  the  rigid  thrall  of  cohesion,  that  they  are  at 
liberty,  not  only  to  vibrate  to  and  fro  across  a  fixed  position, 
but  also  to  roll  or  glide  around  each  other.  Cohesion  is  not 
yet  destroyed,  but  it  is  so  ffiur  modified,  that  the  particles, 
while  still  offering  resistance  to  being  torn  directly  asunder, 
have  their  lateral  mobility  over  each  other^s  surfaces  secured. 
71u8  is  the  liquid  condition  of  matter. 

(60)  In  the  interior  of  a  mass  of  liquid  the  motion  of  every 
atom  is  controlled  by  the  atoms  which  surround  iU  But  when 
w(»  develop  heat  of  suflScient  power  even  within  the  body  of 

'  a  liquid,  the  molecules  break  the  last  fetters  of  cohesion,  and 
fly  asunder  to  form  bubbles  of  vapor.     If,  moreover,  one  of 
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ihe  surfaces  of  the  liquid  be  quite  free,  that  is  to  say,  unoon- 
trolled  either  by  a  liquid  or  solid,  it  is  quite  easy  to  conceive 
that  some  of  the  yibratiiig  superficial  molecules  will  be  jerked 
quite  away  from  tiie  liquid,  and  will  fly  with  a  certain  velocity 
through  space.  Thus  freed  from  the  influence  of  cohesion^ 
we  have  maUer  m  the  vaporoue  or  gaeeaue  form. 

(61)  My  object  here  is  to  frimiliarize  your  minds  with  the 
general  conception  of  atomic  motion*  I  have  spoken  of  the 
vibration  of  the  molecules  of  a  solid  as  causing  its  expansion ; 
the  molecules  have  been  thought  by  some  to  revolve  round 
each  other,  and  the  communication  of  heat,  by  augmenting 
their  centrifugal  force,  was  8up]x>sed  to  push  them  more 
widely  asunder.*    To  this  spiral  spring  is  attached  a  weight ; 

if  the  weight  be  twirled  roimd  in  the  air,  it  tends  to  fly  away    . 
from  me,  the  spring  stretches  to  a  certain  extent,  and,  as  the    i 
spee<l  of  revolution  is  augmented,  the  spring  stretches  still 
more,  the  distance  between  mj  hand  and  the  weight  being  thus 
increased.     And  imagine  the  motion  to  continue  till  the  spring   ' 
snapped ;  the  boll  attached  to  it  would  fly  off  along  a  tangent 
to  its  former  orbit,  and  thus  represent  an  atom  freed  by  heat, 
from  the  force  of  cohesion,  which  is  rudely  represented  by 
that  of  our  spring.     The  ideas  of  the  most  well-informed  phi- 
losophers are  as  yet  uncertain  regarding  the  exact  nature  of 
the  motion  of  heat ;  but  the  great  point,  at  present,  is  to  re- 
gard it  as  motion  of  some  kind,  leaving  its  more  precise  char-  ^j 
acter  to  be  dealt  with  in  future  inf  estigations. 

(62)  We  might  extend  the  notion  of  revolving  atoms  to 
gases  also,  and  deduce  their  phenomena  from  a  motion  of  this 
kind.  But  I  have  just  thrown  out  an  idea  regarding  gaseous 
molecules,  which  is  at  present  very  ably  maintained :  \  the 
idea,  namely,  that  such  molecules  fly  in  straight  lines  through 

♦  Thi8  waa  the  hypotbes'iB  of  Sir  Humphry  Davy.  (See  Appendix  to  this 
Chapter.)  We  are  indebted  to  Mr.  Rankine  for  the  complete  mathematical 
development  of  a  "Theory  of  Molecular  Vortices."  (Phil.  Mag.,  1861,  vol. 
ii.  p.  509.) 

t  By  Joule,  KrOnift  Maxwell ;  and,  in  a  Beries  of  masterly  papers,  by    • 
Clausiua. 
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space.  This  may  be  called  the  hypothesis  of  trtMnsiaiianj  in 
oontradistinction  to  Davy's  hypothesis  of  revolution.  Every- 
body must  have  remarked  how  quickly  the  perfume  of  an 
odorous  body  fills  a  room,  and  this  fact  harmonizes  with  the 
idea  of  the  direct  projection  of  the  molecules.  It  may,  how- 
ever, be  proved  that,  if  the  theory  of  rectilinear  motion  be 
true,  the  molecules  must  move  at  the  rate  of  several  hundred' 
feet  a  second.  Hence,  it  might  be  objected  that,  according 
to  the  above  hypothesis,  odors  ought  to  spread  mudi  more 
quickly  than  they  are  observed  to  do. 

(Gd)  The  answer  to  this  objection  is,  that  the  odorous  pai^ 
tides  have  to  make  their  way  through  a  crowd  of  air-atoms, 
with  which  they  come  into  incessant  collision.  On  an  average, 
the  distance  through  which  a  molecule  can  travel  in  common 
air,  without  striking  against  an  atom  of  air,  is  infinitesimal, 
and  hence  the  propagation  of  a  perfume  through  air  is  enot- 
mously  retarded  by  the  air  itself.  It  is  well  known  that,  when 
a  free  communication  is  opened  between  the  surface  of  a 
liquid  and  a  vacuum,  the  vacuous  space  is  much  more  speedily 
filled  with  the  vapor  of  the  liquid  than  when  air  is  present 

(64)  It  is  not  difficult  to  determine  the  average  velocities 
with  wliich  the  particles  of  various  gases  move  according  to 
the  hypothesis  of  translation.  Taking,  for  example,  a  gas  at 
the  pressure  of  an  atmosphere,  or  of  15  lbs.  per  square  inch, 
and  placing  it  in  a  vessel  a  cubic  inch  in  size  and  shape ;  from 
the  weight  of  the  gas  we  can  calculate  the  velocity  with  which 
its  particles  must  strike  each  side  of  the  vessel  in  order  to 
counteract  a  pressure  of  15  lbs.  It  is  manifest  at  the  outset, 
that  the  lighter  the  gas  is,  the  greater  must  be  its  velocity  to 
produce  the  required  effect  According  to  Clausius  (PhiL 
Mag.,  1857,  vol.  xiv.  p.  124),  the  following  are  the  average 
velocities  of  the  atoms  of  oxygen,  nitrogen,  and  hydrogen,  at 
the  temperature  of  melting  ice : 

I      Oxygen        .            .            •            •            •     1,514  feet  per  second. 
Nitrogen            ....  1.616 

Hydrogen *.*^5^ 


IC  (I 
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Ab  &r  back  as  1848,  Mr.  Joule  deduced  from  this  hypothe-l 
sis  the  velocity  of  hydrogen-atoms,  and  found  it  to  be  ^fibSK,,^ 
feet  per  second* 

(65)  According  to  this  hypothesis,  then,  we  are  to  figure 
a  gaseous  body  as  one  whose  molecules  are  flying  in  straight 
lines  through  space,  impinging  like  little  projectiles  upon  each 
other,  and  striking  against  the  boundaries  of  the  space  which 
they  occupy.  I  place  this  Uadder,  half  filled  with  air,  under 
the  recdyer  of  the  air-pump,  and  remove  the  air  &om  the  re- 
ceiver. The  bladder  swells ;  the  air  within  it  appears  quite  to 
fill  it,  so  as  to  remove  all  its  folds  and  creases.  How  is  this 
expansion  of  the  bladder  produced  ?  According  to  our  pres- 
ent theory,  it  is  produced  by  the  shooting  of  atomic  projectiles 
against  its  interior  surfiEU^e,  driving  the  envelop  outward,  un- 
til its  tension  is  able  to  cope  with  their  force.  When  air  is 
admitted  into  the  receiver,  the  bladder  shrivels  to  its  former 
size;  and  here  we  must  figure  the  discharge  of  the  atoms 
against  the  outer  surface  of  the  bladder,  driving  the  envelop 
inward,  causing,  at  the  same  time,  the  atoms  within  to  con- 
centrate their  fire,  until  finally  the  force  from  within  equals 
that  from  without,  and  the  envelop  remains  quiescent.  All 
the  impressions,  then,  which  we  derive  from  heated  air  or  va- 
por are,  according  to  this  hypothesis,  due  to  the  impact  of  gas- 
eous molecules.  They  stir  the  nerves  in  their  own  peculiar 
way,  the  nerves  transmit  the  motion  to  the  brain,  and  the  brain 
declares  it  to  be  heat.  Thus  the  impression  one  receives  on 
entering  the  hot  room  of  a  Turkish  bath,  is  caused  by  the 
atomic  cannonade  which  is  there  maintained  against  the  sur- 
face of  the  body.  I  would  state  this  as  an  hypothesis  advo- 
cated by  eminent  men,  without  expressing  either  assent  or  dis- 
sent myself. 

(06)  If,  instead  of  placing  this  bladder  under  the  receiver 
of  an  aii^pump,  and  withdrawing  the  external  air,  I  augment, 
by  heat,  the  projectile  force  of  the  particles  within  it,  these 
particles,  though  comparatively  few  in  number,  will  strike  with 
such  impetuous  energy  against  the  inner  surface  as  to  cause 
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the  eovelop  to  retreat!  the  bladder  Bwella  and  beoonm  Hf*^ 
ently  filled  with  air;  holding  the  bladder  dose  to  the  &re,  all 
its  creases  are  removed.  The  bladder  here  intercepts  the  ra- 
diant best  of  the  fire,  becomea  warm,  sod  then  commouiGatea 
its  heat,  hy  contact,  to  the  air  within. 

(6?)  This,  then,  ia  a  simple  illuatration  of  the  ezpanuve 
force  of  beat,  sod  I  hare  made  an  arrangement  intended  to 
show  you  the  same  &ct  in  another  manner.  This  flasic,  r 
(fig.  30),  is  empty,  except  as  r^ards  air,  intended  to  be  bested 
by  placing  a  spirit-lamp  underneath  it.  'From  the  flask  a  bent 
tube  passes  to  this  dieh,  cootaioing  a  colored  liquid.    In  the 


dish,  a  glass  tube,  tt,  two  feet  long,  ia  mverted,  closed  at  the 
top,  but  with  its  open  end  downward.  You  know  that  the 
pressure  of  the  atmosphere  is  competent  to  keep  a  column  of 
liquid  in  this  tube,  and  here  you  have  it  quite  filled  to  the  top 
with  the  liquid.  The  tube  passing  from  the  flask  r  is  cansed 
to  turn  up  exactly  underneath  the  open  end  of  this  upright 
tube,  so  that  if  a  bubble  of  air  should  issue  from  the  former,  it 
will  ascend  the  latter.     I  now  heat  the  flask,  and  the  ah-  er- 
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puidsi  Cor  the  reMoiiB  alfeady  given ;  bubbles  are  driven  from 
the  end  of  the  bent  tube,  and  thqr  ftMiend  in  the  tube  ^  t  The 
air  speedily  deprosses  the  oolored  liquid,  until  now,  in  the 
course  of  a  very  few  seoondsi  the  whole  obhmm  of  liquid  has 
been  superseded  bj  air. 

(68)  It  is  perfiBody  manifest  that  the  air,  thus  expanded  by 
heat,  is  lighter  than  the  unexpanded  air.  Our  flask,  at  the 
coDolusion  of  this  experimenl^  is  lighter  than  it  was  at  the 
oonunenoementy  by  the  weight  of  the  air  transferred  ham  it 
into  the  upright  tube;  Supposing,  therefore,  a  light  bag  to 
be  fiUed  with  such  air,  it  is  jdain  that  the  bag  would,  with 
referenoe  to  the  heavy  air  outside  it,  be  like  a  drop  of  oil  in 
water.  The  oil,  being  lighter  than  the  water,  will  ascend 
through  the  latter :  so  also  our  bag,  filled  with  heated  air,  will 
ascend  in  the  atmosphere ;  and  this  is  the  principle  of  the  so- 
called  fire-bailoon.  My  assistant  will  ignite  some  tow  in  this 
vessel,  over  it  he  will  place  a  funnel,  and  over  the  funnel  I 
will  hold  the  mouth  of  this  paper  balloon.  The  heated  air  as- 
cending from  the  burning  tow  enters  the  balloon,  and  causes 
it  to  swell ;  its  tendency  to  rise  is  already  manifest*  On  let- 
ting it  go,  it  sails  aloft  till  it  strikes  the  ceiling  of  the  room. 

(69)  But  we  must  not  be  content  with  regarding  these 
phenomena  in  a  general  way ;  without  exact  quantitative  de- 
terminations, our  discoveries  would  soon  confound  and  be- 
wilder us.  We  must  now  inquire,  what  is  the  amount  of  ex- 
pansion which  a  given  quantity  of  heat  is  able  to  produce  in  a 
gas  ?  This  is  an  important  point,  and  demands  our  special  at- 
tention. In  speaking  of  the  volume  of  a  gas,  we  should  have  . 
no  distinct  notion  of  its  real  quantity  if  its  temperature  were 
omitted,  so  largely  does  the  volume  vary  with  the  tempera- 
tiu*e.  Take,  then,  a  measure  of  gas  at  the  precise  temperature 
of  water  when  it  begins  to  freeze,  or  of  ice  when  it  begins  to 
melt,  that  is  to  say,  at  a  temperature  of  32°  Fahr.  or  0*  Cent., 
and  raise  that  volume  of  gas  one  degree  in  temperature,  the 
preggure  on  every  square  inch  of  the  envelop  which  holds  the 
gas  being  preserved  constant.    The  volume  of  the  gas  will  be- 
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• 
oomc  expaDded  bj  a  quantity  which  we  ma j  call  a  f  raise  it 

another  degree  in  temperature,  its  volume  will  be  expanded 
bj  2a,  a  third  degree  will  cause  an  expansion  of  3a,  and  so  on. 
Thus  we  see,  that  for  every  degree  which  we  add  to  the  tem- 
perature of  the  gas,  it  is  expanded  by  the  same  amount. 
What  is  this  amount  ?  No  matter  what  volume  the  gas  may 
possess  at  the  freezing  temperature,  by  raising  it  one  degree 
Mihrenheit  above  the  freezing-point  we  augment  its  volume 
by  T^th  of  its  own  amount ;  while  by  raising  it  one  degree 
CetUigrade  we  augment  the  volume  by  -^kil^  ^^  ^^  ^'^'^ 
amount.  A  cubic  foot  of  gas,  for  example,  at  0^  C.  becomes,  oo 
being  heated  to  1^,  IjtV?  cubic  foot,  or  expressed  in  decimals — 

1  vol  at  0**  C.  becomes    1  +  "00366  at  1**  C. ; 
at  2**  C.  becomes     1  +  "00366  x  2 ; 
at  3**  C.  becomes    1  +  "00366  x  3,  and 'so  on. 

The  constant  number  "00366,  which  expresses  the  fraction 
of  its  own  volume,  which  a  gas,  at  the  freezing  temperature, 
expands  -on  being  heated  one  degree,  is  called  the  co^fficiefit  of 
expansioyi  of  the  gas.  Of  course,  if  we  use  the  degrees  of 
Fahrenheit,  the  coefficient  will  be  smaller  in  the  proportion  of 
9  to  5. 

(70)  It  is  a  very  remarkable  and  significant  fact  that  all 
permanent  gases  expand  by  almost  precisely  the  same  amount 
for  every  degree  added  to  their  temperature.  We  oan  deduce 
from  this  with  extreme  probability  the  important  eonclusion, 
that  where  heat  causes  a  gas  to  expand,  the  work  it  performs 
consists  solely  in  overcoming  the  constant  pressiu*e  from  with- 
out— that,  in  other  words,  the  heat  is  not  interfered  with  by 
the  mutual  attraction  of  the  gaseous  molecules.  For,  if  this 
were  the  case,  we  should  have  every  reason  to  expect,  in  the 
case  of  difTereut  gases,  the  same  irregularities  of  expansion 
which  we  observe  in  liquids  and  solids.  I  said  intentionally 
"  by  almost  precisely  the  same  amount "  for  many  gases  which 
are  permanent  at  all  ordinary  temperatures  deviate  slightly 
from  the  rule.     This  will  be  seen  from  the  following  table : 


A. 
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of  8tib  OooOeiflDt  of  EzpSMlon. 

Hydrogen   ......  0*00366 

Air        .....            .  0*00867 

Gftrbooic  oxide      .....  0*00867 

Garboiiio  add  .....  0*00871 

Protoxide  of  nitrogen        ....  0-00878 

Bolpliiuoiuacid           ....  0*00890 

Here  hydrogen,  air,  and  carbonic  oxide  agree  very  closely ; 
still  there  is  a  slight  difference,  the  coefficient  for  hydrogen 
being  the  least.  We  remark  in  the  other  cases  a  greater  de- 
viation from  the  rule ;  and  it  is  particularly  to  be  noticed  that 
the  gases  which  deviate  most  are  those  which  are  nearest 
their  point  of  liquefaction.  The  first  three  gases  in  the  table 
never  have  been  liquefied,  all  the  others  have.  These  are,  in 
fact,  imperfect  gases,  occupying  a  kind  of  interme- 
diate  place  between  the  liquid  and  the  perfect  gaseous 
condition. 

(71)  This  much  made  clear,  wc  shall  now  approach, 
by  slow  degrees,  an  interesting  but  difficult  subject. 
Suppose  a  quantity  of  air  to  be  contained  in  a  very 
tall  cylinder,  A  B  (fig.  21),  the  transverse  section  which 
is  one  square  inch  in  area.  Let  the  top  a  of  the  cylin- 
der be  open  to  the  air,  and  let  p  be  a  piston,  which, 
for  reasons  to  be  explained  immediately,  I  will  sup- 
pose to  weigh  two  pounds  one  ounce,  and  which  can 
move  air-tight  and  without  friction  up  or  down  in  the 
cylinder.  At  the  commencement  of  the  experiment, 
let  the  piston  be  at  the  point  p  of  the  cylinder,  and 
lot  the  height  of  the  cylinder  from  its  bottom  b  to  the 
point  p  be  273  inches,  the  air  underneath  the  piston 
being  at  a  temperature  of  0**  C.  Then,  on  hea-ting 
the  air  from  0°  to  1°  C,  the  piston  will  rise  one  inch ; 
it  will  now  stand  at  274  inches  above  the  bottom.  If 
the  temperature  be  raised  two  degrees,  the  piston  will 
stand  at  275 ;  if  raised  three  degrees,  it  will  stand  at 
276 ;  if  raised  ten  degrees,  it  will  stand  at  283 ;  if 
100  d^^ees,  it  will  stand  at  373  inches  al)ove  the 


64  HEAT  AS  A  MODS  OF  MOTION. 

bottom ;  finally,  if  the  temperature  were  raised  to  273^  G,  it 
is  quite  manifest  that  273  inches  would  be  added  to  the  height 
of  the  column,  or,  in  other  words,  that,  by  heating  the  air  to 
273  C,  its  volume  would  be  doubled. 

(72)  The  gas,  in  this  experiment^  executes  work.  In 
,  expanding  from  p  upward  it  has  to  overcome  the  down- 
ward pressure  of  the  atmosphere,  which  amounts  to  15  lbs. 
on  every  square  inch,  and  also  the  weight  of  the  piston  it- 
self, which  is  2  lbs.  1  oz.  Hence,  the  section  of  the  cylinder 
being  one  square  inch  in  area,  in  expanding  from  p  to  p',  the 
work  done  by  the  gas  is  equivalent  to  the  raising  a  weight  of 
17  lbs.  1  oz.,  or  273  ounces,  to  a  height  of  273  inches.  It  is 
just  the  same  as  what  it  would  accomplish,  if  the  air  above 
were  entirely  abolished,  and  a  piston  weighing  17  lbs. 
were  placed  at  p. 

(73)  Let  us  now  alter  our  mode  of  experiment,  and  instead 
of  allowing  omt  gas  to  expand  when  heated,  let  us  oppose 
its  expansion  by  augmenting  the  pressure  upon  it.  In  other 
words,  let  us  keep  its  volurtie  constant  while  it  is  being  heated. 
Suppose,  as  before,  the  initial  temperature  of  the  gas  to  be  0^ 

,  C,  the  pressure  upon  it,  including  the  weight  of  the  piston  P, 
being,  as  formerly,  273  ounces.  Let  us  warm  the  gas  from  0** 
C.  to  1°  C. ;  what  weight  must  we  add  at  p  in  order  to  keep 
its  volume  constant  ?  Exactly  one  ounce.  But  we  have  sup- 
posed the  gas,  at  the  commencement,  to  be  under  a  pressure 
of  273  ounces,  and  the  pressure  it  sustains  is  the  measure  of 
its  elastic  force  ;  hence,  by  being  heated  one  degree,  the 
elastic  force  of  the  gas  has  augmented  by  ^kl^  ^^  what  it 
possessed  at  0^.  If  we  warm  it  2^,  2  ozs.  must  be  added  to 
keep  its  volume  constant ;  if  3°,  3  ozs.  must  be  added.  And 
if  we  raise  its  temperature  273°,  we  should  have  to  add  273 
ozs. ;  that  is,  we  should  have  to  double  the  original  pressure 
to  keep  the  volume  constant. 

(74)  It  is  simply  for  the  sake  of  clearness,  and  to  avoid 
fractions,  that  I  have  supposed  the  gas  to  be  under  the  origi- 
nal pressure  of  273  ozs.     No  matter  what  the  pressure  may 
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B  addition  of  1'  C.  to  its  tecnpeniture  produces  an  aug^ 
fcion  of  j^-jd  of  the  clastic  liirce  which  the  gas  possesses 
i  freezing  temperature ;  and  by  raising  its  temperaturo 
wUile  its  volume  is  kept  constaut,  ila  claetii;  foree  is 
ad.     Let  us  now  compare  this  experiment  with  the  last 

77iere  we  heated  a  certain  amount  of  gaa  from  0°  to 
CL,  and  doubled  its  volume  by  6o  doing,  tlie  double  vol- 
aeing  attained  by  lifting  a  weight  of  273  ozs,  through  a 
t  of  273  inches.  Mere  we  heat  the  same  amount  of  gas 
0°  to  273",  but  we  do  not  permit  it  to  lift  any  weight. 
leep  its  volume  constant.  The  quantity  of  matter  heated 
th  cases  is  the  same ;  the  temperature  to  which  it  is 
d  b  the  same ;  but  are  the  absolute  quantities  of  heat 
led  iu  both  cases  the  same?  By  no  means.  Supposing 
O  raise  the  temperature  of  the  gas  whose  volume  is  kept 
lat,  273°,  10  grains  of  combustible  matter  are  necessarj- ; 
to  raise  the  temperature  of  the  gas,  whose  pressure  is 
constant,  an  equal  number  of  degrees,  would  require  the 
mption  of  11^  grains  of  the  same  combustible  matter. 
heat  produced  by  the  ctmiAu^ion  of  the  additional  4^ 
K,  in  the  latter  ease,  is  entirely  consumed  in  lifting  the 
4.  Using  the  accurate  numbers,  the  quantity  of  beat  ap- 
when  the  volume  is  ooDstant,  is  to  the  quantity  applied. 

the  pressure  is  constant,  in  the  proportion  of— 

1  to  1-421.  yw-  •»- 

'5)  His  extieraely  important  &ct  oon- 
«e  the  ba^  from  which  the  mechanical 
mlent  of  heat  was  first  calculated.  And 
ire  have  reached  a  point  which  is  worthy 
id  which  will  demand,  your  entire  atten- 
I  will  endeavor  to  make  this  calcula- 
before  you. 

76)  Let  c  (fig.  23)  be  a  cylindrical  ves- 
ith  a  base  one  square  foot  in  area.  Let/ 
oaric  the  upper  surfaoe  of  a  cubic  fbot^f  air  at  a  temper- 


66  HEAT  AS  A  MODE  OF  HOTIOK. 

aturc  of  C*  C,  or  32"^  Fahr.  ^  The  height  a  p  will  be  then 
one  foot.  Let  the  air  be  heated  till  its  volume  is  doabled ; 
to  effect  this  it  must,  as  before  explained,  be  raised  273^  G, 
or  490^  F.  in  temperature;  and,  when  expanded,  its  upper 
surface  will  stand  at  p'  p',  one  foot  above  its  initial  position. 
But  in  rising  from  p  p  to  p'  p'  it  has  forced  back  the  atmos- 
phere, which  exerts  a  pressure  of  15  lbs.  on  every  square  inch 
of  its  upper  surface ;  in  other  words,  it  has  lifted  a  wei^t  cl 
144  X  15=2,100  lbs.  to  a  height  of  one  foot 

(77)  The  ^^  capacity  "  for  heat  of  the  air  thus  expanding  is 
is  0*24 ;  water  being  unity.  The  weight  of  our  cubic  foot  of 
nir,  is  1*29  oz. ;  hence  the  quantity  of  heat  required  to  raise 
l';29  oz.  of  air  490^  Fahr.  would  raise  a  little  less  than  one- 
fourth  of  that  weight  of  water  490°.  The  exact  quantity  of 
water  equivalent  to  our  1'29  oz.  of  air  is  1-29  X  0*24  =  0"31  o» 

(78)  But  0-31  oz.  of  water,  heated  to  490**,  is  equal  to  153 
OZ8.  or  9]^  lbs.  heated  1°.  Thus  the  heat  imparted  to  our  cubic 
foot  of  air,  in  order  to  double  its  volume,  and  enable  it  to  lift 
a  weight  of  2,160  lbs.  one  foot  high,  would  be  competent  to 
raise  9^  lbs.  of  water  one  degree  in  temperature. 

(79)  The  air  has  here  been  heated  under  a  con^ani  prea- 
ure,  and  we  have  learned  that  the  quantity  of  beat  necessaiy 
to  niise  the  temperature  of  a  gas  under  constant  pressure  a 
cert^iin  number  of  degrees,  is  to  that  required  to  raise  the  tem- 
pcTatun^  of  the  gas  the  same  number  of  degrees,  when  U$ 
volume  h  kept  eonstatUj  in  the  proportion  of  1*42  :  1 ;  henoe 
we  have  the  statement — 

IbA.       Ibt. 

1-42  : 1  =  9-5  :  67, 

wltich  shows  that  the  quantity  of  heat  necessary  to  augment 
the  temperature  of  our  cubic  foot  of  air,  at  constant  volume, 
490°,  would  heat  6-7  lbs.  of  water  1°. 

(80)  Inducting  G'7  lbs.  from  9'5  lbs.,  we  find  that  the  exoeas 
of  heat  imparted  to  the  air,  in  the  case  where  it  is  permitted  to 
expand,  is  competent  to  raise  2*8  lbs.  of  water  1^  in  temperature. 

(81)  As  explained  already,  this  excess  is  employed  to  lift 
a  weight  of  2,160  lbs.  one  foot  high.     Dividing  2,160  by  2-8, 


MEGHANIGAL  EQUIVALENT  OF  HEAT.  67 

we  find  that  a  quantity  of  heat  sufficient  to  raise  1  lb.  of  water 
1**  Fahr.  in  temperature,  is  oompetent  to  ruse  a  weight  of 
771*4  lbs.  a  foot  high. 

(82)  This  method  of  calculating  tiie  mechanical  equivalent 
of  heat  was  followed  by  Dr.  Mayer,  a  physician  in  Heilbronn, 
Germany,  in  the  spring  of  1842. 

(83)  Mayer's  first  paper  contains  merely  an  indication  of 
the  way  in  which  he  had  found  the  equivalent.  In  it  were 
enunciated  the  convertibility  and  indestructibility  of  force,  and 
its  author  referred  to  the  mechanical  equivalent  of  heat,  mere- 
ly in  illustration  of  his  principles.  The  essay  was  evidently  a 
kind  of  preliminary  note,  from  which  date  might  be  taken. 
Mayer's  subsequent  labors  conferred  dignity  on  the  theory 
which  they  illustrated.  In  1845  he  published  an  fissay  on 
Organic  Motion  and  Nutrition,  of  extraordinary  merit  and  im- 
portance. This  was  followed  in  1848  by  an  Essay  on  Celestial 
Dynamics,  in  which,  with  remarkable  boldness,  sagacity,  and 
completeness,  he  developed  the  meteoric  theory  of  the  sun. 
And  this  was  followed  by  a  fourth  memoir  in  1851,  which  also 
bears  the  stamp  of  intellectual  power.  Taking  him  all  in  all, 
the  right  of  Dr.  Mayer  -to  stand,  as  a  man  of  true  genius,  in 
the  front  rank  of  the  founders  of  the  dynamical  theory  of  heat, 
cannot  be  disputed. 

(84)  On  the  21st  of  August,  1843,  Dr.  Joule  *  communi- 
cated to  the  British  Association,  then  meeting  at  Cork,  a 
paper  which  was  devoted,  in  part,  to  the  determination  of  the 
^  mechanical  value  of  heat."  Joule^s  publications  had  been 
preceded  by  a  long  course  of  experiments,  so  that  his  first 
work  and  Mayer's  were  really  contemporaneous.  This  elab- 
orate investigation  gave  the  following  weights  raised  one  foot 
high,  as  equivalent  to  the  warming  of  1  lb.  of  water  V  Fahren- 
heit, the  thermometric  scale  employed  by  Dr.  Joule  : 


1. 

896  lbs. 

5. 

1,026  lbs 

2. 

1,001  " 

6. 

587  " 

3. 

1,040  " 

7. 

742  « 

4. 

910  « 

8. 

860  " 

•  PhU.  Mag.  1843,  vol.  zziii.  p.  485. 
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(85)  From  the  passage  of  water  through  narrow  tubes, 
JouK^  deduced  an  equivalent  of 

770  foot-pounds. 

(86)  In  1844  he  deduced  from  experiments  on  the  conden- 
sation of  air,  the  following  equivalents  to  1  lb.  of  water  heated 
1°  Fahr. ; 

823  foot-pounds. 
795        " 
820        « 
814        " 
760        " 

(87)  As  the  experience  of  the  experimenter  increased,  we 
find  that  the  coincidence  of  his  results  became  closer.  In 
1845  Dr.  Joule  deduced  from  experiments  with  water,  agi- 
tated by  a  paddle-wheel,  an  equivalent  of 

890  foot-pounds. 

(88)  Summing  up  his  results  in  18495,  and  taking  the 
mean,  he  found  the  equivalent  to  be 

817  foot-pounds. 

(89)  In  1847  he  foiuid  the  mean  of  two  experiments  to 
give  as  equivalent, 

781*8  foot-pounds. 

(90)  Finally,  in  1849,  appljring  all  the  precautions  sug- 
gt\sted  by  seven  years'  experience,  he  obtained  the  following 
numbers  for  the  mechanical  equivalent  of  heat: 

772*692,  fiom  friction  of  water,         meAn  of  40  experiments. 
7  74 -OSS      "  "        mercury,        "  60  ** 

774-987       "  "        cast-iron,        "  20  " 

These  experiments  rank  among  the  most  memorable  that 
have  ever  been  executed  in  physical  science.  They  form  of 
t lien  1  selves  a  strict  demonstration  of  the  dynamical  theory  of 
lieat. 
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(91)  For  reasoDB  assigned  in  his  paper,  Joule  fixes  the 
exact  equivalent  at 

772  foot-pounds. 

(92)  According  to  the  method  pursued  bj  Mayer,  in  1842, 

the  equivalent  is 

771*4  fodrpounds. 

Such  a  ooinddenoe  relieyes  the  mind  of  every  shade  of  uncer- 
tainty regarding  the  correctness  of  our  present  mechanical 
equivalent  of  heat. 

(93)  The  immcnrtal  investigations  here  briefly  refeired  to 
place  Dr.  Joule  in  the  foremost  rank  of  physical  philosophers. 
Ifayer's  labors  have,  in  some  measure,  the  stamp  of  a  pro- 
found intuition,  which  rose,  however,  to  the  energy  of  undoubt- 
ing  conviction  in  the  author's  mind.  Joule's  labors,  on  the 
contrary,  are  an  experimental  demonstration.  Mayer  thought 
his  theory  out,  and  rose  to  its  grandest  applications ;  Joule 
worked  his  theory  out,  and  gave  it  forever  the  solidity  of 
demonstrated  truth.  True  to  the  speculative  instinct  of  his 
country,  Mayer  drew  large  and  weighty  conclusions  from  slen- 
der premises ;  while  the  Englishman  aimed,  above  all  things, 
at  the  firm  establishment  of  facts.  The  future  historian  of 
science  will  not,  I  think,  place  these  men  in  antagonism.  To 
each  belongs  a  reputation  which  will  not  quickly  fade,  for  the 
share  he  has  had,  not  only  in  establishing  the  dynamical 
theory  of  heat,  but  also  in  leading  the  way  toward  a  right 
appreciation  of  the  general  energies  of  the  universe.* 

(94)  Let  us  now  check  oxxx  conclusion  regarding  the  influ- 
ence which  the  performance  of  work  has  on  the  temperature 
of  a  gas.  Is  it  not  possible  to  allow  a  gas  to  expand,  without 
performing  work  ?    This  question  is  answered  by  the  follow- 

♦  Dr.  Mayor  has  been  recently  elected  to  the  French  Academy  of  Sciences, 
and  never,  in  my  opinion,  was  the  recognition  of  that  illustrious  body  more 
juattly  berttowcd.  It  in,  however,  to  be  regretted  that  circuinstunces  did  not 
permit  the  name  of  the  ct-lebrated  man  who  first  made  the  mechanical  thiory 
of  heat  a  demonrttmtod  trutii  to  be  linked  with  that  of  Mayer  in  the  reciut 
election.    Feb.  1870. 
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iiig  important  experiment,  which  was  first  made  by  Guj  Lw- 
sac.     These  two  copper  vessels,  ▲,  b  (fig.  23),  are  of  the  ssme 

size;  one  of  which,  ▲,  is  exhausted, 
and  the  other,  b,  filled  with  air.    I 

Stum  the  cock  c ;  the  air  rushes  out 
1        of  B  into  A,  until  the  same  pressure 

both  vessels.    Now  the  sir, 
its  own  particles  out  of  b, 
performs  work,  and  experiments  which 
we  have  already  made  inform  us  thst 
the  air  which  remains  in  b  must  be 
chilled.    The  particles  of  air  enter  ▲ 
with  a  certain  velocitj',  to  generste 
which  the  heat  of  the  air  in  b  has  been 
HiKTificed ;  but  they  immediately  strike  against  the  interior  fm^ 
face  of  A,  their  motion  of  translation  is  annihilated,  and  the  ex* 
u(*t  (juantity  of  heat  lost  by  b  appears  in  a.     The  contents  of 
A  and  B  mixed  together,  give  air  of  the  original  temperatureii 
T\wTG  is  no  work  performed,  and  there  is  no  heat  lost.   With  the 
dynamical  theory  of  heat  in  view,  Dr.  Joule  made  this  expeii- 
II lent  by  compressing  twenty-two  atmospheres  of  air  into  one 
of  his  vessels,  while  the  other  was  exhausted.     On  surround* 
iii^  both  vessels  by  water,  kept  properly  agitated,  no  aug- 
mentation of  its  temperature  was  observed,  when  the  gas  was 
allowed  to  stream  from  one  vessel  into  the  other.*    In  like 
niMtiiKT,  suppose  the  top  of  the  cylinder  (fig.  21)  to  be  dosed, 
and  llu*  half  al)Ove  the  piston  Pa  perfect  vacuum ;  and  siq>- 
pose  the  air  in  the  lower  half  to  be  heated  up  to  273°  C,  its 
volume  hein^  kept  constant.     If  the  pressure  were  removed, 
the  air  would  expand  and  fill  the  cylinder;  the  lower  portion 
(»r  the  eolinun  would  thereby  be  chilled,  but  the  upper  portioQ 
would   be   heated,  and   mixinp:   both   portions  together,  we 
shnuM  li:iv(»  the  whole  column  at  a  temperature  of  273**.t    ^ 

•  Plnl.  Mil},',  is  in,  vol.  xxvi.  i>.  378. 

t  I  li.iv(«  rooi<ii(l\  ibnnd  u  onHo  mentioned  by  Faraday  (Researches  in Chem- 
l*try  und  rhynioH.  |>.  lIjO.  wlioro  the  effect  referred  to  in  the  text  was,  faiiBb- 
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this  case,  we  raise  the  temperature  of  the  gas  from  0°  to  273°, 
and  afterward  allow  it  to  double  its  volume ;  the  tempera- 
tures of  the  gas  at  the  commencement,  and  at  the  end,  are  the 
same  as  when  the  gas  ejcpands  against  a  constant  pressure,  or 
lifts  a  constant  weight ;  but  the  absolute  quantity  of  heat  in 
the  latter  case  is  1,421  times  that  employed  in  the  former, 
because,  in  the  one  case,  the  gas  performs  mechanical  work^ 
and  in  the  other  not. 

(95)  We  are  taught  by  this  experiment  that  mere  rarefac- 
tion is  not  of  itself  sufficient  to  produce  a  lowering  of  the  mean 
temperature  of  a  mass  of  air.  It  was,  and  is  still,  a  current 
notion,  that  the  mere  expansion  of  a  gas  produces  refrigera- 
tion, no  matter  how  that  expansion  may  be  effected.  The 
coldness  of  the  higher  atmospheric  regions  was  accounted  for 
by  reference  to  the  expansion  of  the  air.  It  was  thought  that 
what  we  have  called  the  "capacity  for  heat'*  was  greater  in 
the  case  of  the  rarefied  than  of  the  unrarefied  gas,  and  that 
chilling  must  therefore  be  the  consequence  of  rarefaction.  But 
the  refrigeration  which  accompanies  expansion  is,  in  reality, 
due  to  the  consumption  of  heat  in  the  performance  of  work. 
Where  no  work  is  performed,  there  is  no  absolute  refrigera- 
tion.   All  this  needs  reflection  to  arrive  at  clearness,  but  every 

stance,  observed.  Faraday's  explanation  of  tho  effect  is  a  most  instructive 
instance  of  the  application  of  the  material  theory  of  heat.  The  observation 
was  made  at  the  Portable  Gas  Works,  in  1827.  "  It  frequently  happens,'* 
writes  Faraday,  **  that  ^aa  previously  at  the  pressure  of  thirty  atmospheres  is 
foddenly  allowed  to  enter  these  lonjf  gas-vessels  (cylinders),  at  which  time  a 
carious  effect  is  observed.  That  end  of  the  cylinder  at  which  the  gas  enters 
becomes  very  much  cooled,  while,  on  the  contrary,  tho  other  end  acquires  a 
considerable  rise  of  temperature.  The  effect  is  produced  hy  cliange  of  capacity 
inUugiu  ;  for  as  it  enters  the  vessel  from  the  parts  in  which  it  was  previ- 
oualj  confined,  at  a  pressure  of  thirty  atmospheres,  it  suddenly  expands,  hus 
iU  capacity  for  heat  increased,  falls  in  temperature,  and  consequently  coola 
that  part  of  the  vessel  with  wliieh  it  first  comes  in  contact.  But  the  part 
which  has  thus  taken  heat  from  the  vessel  being  thrust  forward  to  the  fartlier 
extremity  of  the  cylinder  by  the  successive  portions  which  enter,  is  there 
compressed  by  them,  has  Us  capacity  diminished^  and  now  gives  out  that  heat, 
or  apart  of  it,  which  it  had  a  moment  before  absorbed."  I  have  italicized  the 
phrases  which  express  the  old  notion.  The  difference  in  capacity  here  as- 
tumed  is  now  known  to  have  no  existence. 
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ortvvt  of  this  kind  which  you  make  will  render  your  subsequent 
oSv>rt*  easier ;  and  should  you  fail,  at  present,  to  gain  clear> 
iK*»  of  comprehension,  I  repeat  my  recommendation  of  p*- 
lioiuxN  Do  not  quit  this  portion  of  the  subject  without  an 
oiVort  to  compn^hend  it — wrestle  with  it  for  a  time,  but  do  not 
dt's^l^ir  if  you  fail  to  arrive  at  clearness. 

(06)  I  have  now  to  direct  your  attention  to  one  other  in- 
teresting question.  We  have  seen  the  elastic  force  of  our  gas 
«ii>r"»<?nted  by  an  increase  of  temperature.  In  an  inflexible 
onvelop  we  have,  for  every  degree  of  temperature,  a  certain 
deiinite  increment  of  elastic  force,  due  to  the  augmented  energy 
of  the  gaseous  projectiles.  Reckoning  from  0**  C.  upward,  we 
lind  that  every  degree  added  to  the  temperature  produces  an 
augmentation  of  elastic  force,  equal  to  j^jd  of  that  which  the 

I  gas  possesses  at  0°,  and,  hence,  that  by  adding  273**  we  double 
the  elastic  force.  Supposing  the  same  law  to  hold  good  when 
we  reckon  from  0**  doicnward — that  for  every  degree  of  tem- 
jH^rature  withdravon  from  the  gas  we  diminish  its  elastic  force^ 
or  the  motion  which  produces  it,  by  yfyd  of  what  it  possesses 
at  0°,  it  is  manifest  that  at  a  temperature  of  273°  Centigrade 
Im»1ow  0°  we  should  cease  to  have  any  elastic  force  whatever. 
The  motion  to  which  the  elastic  force  is  due  must  here  vanish, 
and  we  reach  what  is  called  the  ahsohUe  zero  of  temperature. 

No  doubt,  practically,  every  gas  deviates  from  the  above 
law  of  contraction  before  it  sinks  so  low,  and  it  would  become 
solid  before  reaching — 273°  C,  or  the  absolute  zero.  This  is 
considerably  below  any  temperature  which  we  have  as  yet 
been  able  to  obtain. 

I  will  not  subject  your  minds  to  any  fiulher  strain  in  con- 
nection with  this  subject  to-day,  but  will  now  pass  on  to  illufr 
trate  experimentally  the  expansion  of  liquids  by  heat. 

(97)  Here  is  a  Florence  flask  filled  with  alcohol,  and  tightly 

corked ;  through  the  cork  a  tube,  t'  (fig.  24),  passes  water-tight, 

and  the  liquid  rises  a  foot  or  so  in  this  tube.     When  this  flask 

heated,  the  alcohol  will  expand,  and  it  will  rise  in  the  lube. 

;  you  must  see  it  rising,  and  to  enable  you  to  do  so,  the 


EXPAHSION  or  LIQnU>S.  73 

tube  tf  is  placed  in  front  of  the  electric  tamp  b,  a  strong 
beam  of  light  being  sent  across  it,  at  the  place  f,  wltere  the 
liquid  colunm  ends ;  tbe  tube  and  column  are  thus  illuminated. 


Id  front  of  the  tube  is  placed  this  lens  l,  its  distance  being 
xtanged  so  that  it  shall  cast  au  enlarged  image,  ii,  of  tlie 
wJumn  upon  the  screen.  You  see  clearly  where  the  column 
^(1$,  and  if  it  moves  jou  will  be  able  to  see  its  motion.  It  is 
KKdless  to  say  that  the  image  up>on  the  screen  is  inverted,  and 
lUt  yrhen  tbc  liquid  expands,  the  top  of  the  column  will  i/o 
•(Wi'/  along  the  screen.  I  fill  this  beakor,  b,  with  hot  wator. 
Mil  raise  the  beaker  so  that  the  hot  water  shall  surround  the 
florence  flask.  Observe  the  experiment  from  the  commencc- 
Dient:  the  flask  is  now  in  the  hot  water,  and  the  head  of  our 
oaluniD  on  the  screen  ascend.*,  aa  if  the  liquid  contracted. 
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Now  it  stops  and  commences  descending,  and  it  will  continiie 
to  do  80  permanently.  But  why  tbe  first  ascent  ?  It  is  not 
due  to  the  contraction  of  the  liquid,  but  to  the  momentiMry  eo> 
panaion  of  the  flask^  to  which  the  heat  is  first  communicated. 

j  Tlie  glass  expands  before  the  heat  can  fairly  reach  the  liquid, 
and  hence  the  column  falls ;  but  the  expansion  of  the  liquid 
soon  exceeds  that  of  the  glass,  and  the  column  rises.  Two 
things  are  here  illustrated :  the  expansion  of  the  solid  glass 
by  heat,  and  the  fact  that  the  observed  dilatation  of  the  liquid 
does  not  give  us  its  true  augmentation  of  volume,  but  only  the 
difierence  of  dilatation  between  itself  and  the  glass. 

(98)  Here  is  another  flask  filled  with  water,  exactly  equal 
in  size  to  the  former,  and  furnished  with  a  similar  tube.  I 
place  it  in  the  same  position,  and  repeat  with  it  the  experi- 
ment made  with  the  alcohoL  You  see,  first  of  all,  the  tranu- 
tory  effect  due  to  the  expansion  of  the  glass,  and  afterward, 
the  permanent  expansion  of  the  liquid ;  but  you  can  ob- 
serve that  the  latter  proceeds  much  more  slowly  than  in  the 
case  of  alcohol ;  the  alcohol  expands  more  rapidly  than  the 
water.  Now,  we  might  examine  a  hundred  liquids  in  this 
way,  and  find  them  all  expanding  by  heat,  and  we  might  thus 
be  led  to  conclude  that  expansion  by  heat  is  a  law  without 
exception ;  but  we  should  err  in  this  conclusion.  It  is  really 
to  illustrate  an  exception  of  this  kind  that  this  flask  of  water 
has  been  introduced.  Let  us  cool  the  flask  by  plunging  it 
into  a  substance  somewhat  colder  than  water,  when  it  first 
freezes.  This  substance  is  obtained  by  mixing  pounded  ice 
with  salt.  You  see  the  column  gradually  sinking,  the  heat  is 
being  given  up  to  the  freezing  mixture,  and  the  water  contracts. 
The  contraction  is  now  very  slow,  and  now  it  stops  altogether. 
A  slight  motion  commences  in  the  opposite  direction,  and  now 
the  liquid  is  visibly  expandiyig.     By  stirring  the  fireesing 

I  mixture,  we  bring  colder  portions  of  it  into  contact  with  the 

J   flask;    the  colder   the  mixture,  the   quicker  the  expansion. 

t    Here,  then,  we  have  Nature  pausinf^  in  her  ordinary  course, 
and  reversing  her  ordinary  habits.     Tlie  fiict  is,  that  the  water 
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goes  on  oontraotmg  till  it  reaches  a  temperature  of  39^  Fahr., 
or  4^  Cent.,  at  which  point  the  contraction  ceases.  This  is 
the  point  of  maximum  density  of  water ;  from  this  down- 
ward to  its  freezing^pointy  the  liquid  expands ;  and  when  it  is 
oonyerted  into  ice,  the  expansion  is  sudden  and  considerable. 
loe,  we  know,  swims  upon  water,  being  lightened  by  this  ex- 
pansion. If  heat  be  now  applied,  the  series  of  changes  are 
rerened ;  the  column  descends,  showing  the  contraction  of 
CA€  liquid  by  heat.  After  a  time  the  contraction  ceases,  and 
permanent  expansion  sets  in. 

(99)  The  force  with  which  these  molecular  changes  are  ef- 
fected is  all  but  irresistible.  The  changes  usually  occur  under 
conditions  which  allow  us  no  opportunity  of  observing  the  ener- 
gy involved  in  their  accomplishment.  But,  to  give  you  an  ex- 
ample of  this  energy,  a  quantity  of  water  is  confined  in  this  iron 
bottle.  The  iron  is  fully  half  an  inch  thick,  and  the  quantity  of 
water  is  small,  though  sufficient  to  fill  the  bottle.  The  bottle  is 
closed  by  a  screw  firmly  fixed  in  its  neck.  Here  is  a  second 
bottle  of  the  same  kind,  prepared  in  a  similar  manner.  I 
place  both  of  them  in  this  copper  vessel,  and  surround  them 
with  a  freezing  mixture.  They  cool  gradually,  the  water 
within  approaches  its  point  of  maximum  density;  no  doubt, 
at  this  moment,  the  water  does  not  quite  fill  the  bottle ;  a 
small  vacuous  space  exists  within.  But  soon  the  contraction 
ceases,  and  expansion  sets  in ;  the  vacuous  place  is  slowly 
filled,  the  water  gradually  changes  from  liquid  to  solid ;  in 
doing  so  it  requires  more  room,  which  the  rigid  iron  refuses 
to  grant.  But  its  rigidity  is  powerless  in  the  presence  of  the 
atomic  forces.  These  atoms  are  giants  in  disguise,  and  the 
sound  you  now  hear  indicates  that  the  bottle  is  shivered  by 
the  crystallizing  molecules — the  other  bottle  follows;  and 
here  are  the  fragments  of  the  vessels,  showing  their  thick- 
ness, and  impressing  you  with  the  might  of  that  energy  by 
which  they  have  been  thus  riven.* 

♦  Metal  cylinders,  an  inch  in  thickness,  are  unable  to  resist  the  docompos- 
ini^  force  of  a  small  galvanic  buttery.  M.  Gassiot  has  burst  many  such  cylin- 
ders by  electrolytic  gas? 
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^  It.V  \  YoQ  have  now  no  difficulty  in  understanding  the  e^ 
fci-c  of  trostv  weather  uix>n  the  water-pipes  of  your  houses. 
Btfibre  rou  is  a  numl>er  of  pieces  of  such  pipes,  all  rent.  You 
btfcume  first  sensible  of  the  damage  when  the  thaw  sets  in, 
bui:  the  mischief  is  really  done  at  the  time  of  freezing;  the 
pipes  then  burst,  and  through  the  rents  the  water  escapes, 
when  the  solid  within  is  liquefied. 

(101)  It  is  hardly  necessary  for  me  to  say  a  word  on  the 
bxtportance  of  this  property  of  water  in  the  economy  of  Na- 
ture. Suppose  a  lake  exposed  to  a  dear  wintry  sky;  the 
^yperficial  water  is  chilled,  contracts,  becomes  thus  heavier, 
lad  sinks  by  its  superior  weight,  its  place  being  supplied  by 
the  liirhter  water  from  below.  In  time  this  is  chilled,  and 
sinks  in  its  turn.  Thus  a  circulation  is  established,  the  cold, 
dense  water  descending,  and  the  lighter  and  wanner  water 
risinir  to  the  top.  Supposing  this  to  continue,  even  after  the 
first  pellicles  of  ice  were  formed  at  the  surface ;  the  ice  would 
•  V,  m  and  the  process  would  not  cease  until  the  entire  water 
of  the  lake  would  be  solidified.  Death  to  every  living  thing 
.  tbe  water  would  be  the  consequence.  But  just  when  mat- 
become  critical.  Nature  steps  aside  from  her  ordinary  pro- 

ijjy-  causes  the  water  to  expand  by  cooling,  and  the  cold 

.  to  swim  like  a  scum  on  the  surface  of  the  warmer  water 
lemeath.     Solidification  ensues,  but  the  solid  is  much  light- 

,  ^]ie  subjacent  liquid,  and  the  ice  forms  a  protecting 
J^f'over  the  living  thinprs  below. 

/102V  Such  facts  naturally  and  rightly  excite  the  emo- 

i^At^  the  relations  of  life  to  the  conditions  of  life — 
tions*  inoeeuj  «»"*' 

'   eral  adaptations  of  means  to  ends  in  Nature,  exdte,  in 
^^  ^  foundest  degree,  the  interest  of  the  philosopher.   But  in 


orust  to  t^"         Binding  of  tlie  crust  would  assuredly  follow  its  formation, 
bn»jikin<r  »"  *?_p^ni9tanoe8,  it  i«  extrcmtly  difficult  to  conceive  that  a  solid 
\A  kA  fonn*^  ••  "*  generally  assumed,  round  a  liquid  nucleus.    Mr. 
^       -var  inform*  mo  that  molten  rocks  mpand  on  solidifying. 
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dealing  with  natural  phenomena,  the  feelings  must  be  carefully 
watched.  They  often  lead  us  unconsciously  to  overstep  the 
hounds  of  fact.  Thus,  I  have  heard  this  wonderful  property 
of  water  referred  to  as  an  irresistible  proof  of  design,  unique 
of  its  kind,  and  suggestive  of  pure  benevolence.  *^  Why,"  it 
is  urged,  **  should  this  case  of  water  stand  out  isolated,  if  not 
for  the  purpose  of  protecting  Nature  against  herself?  "  The 
&ct,  however,  is,  that  the  case  is  not  an  isolated  one.  You 
see  this  iron  bottle,  rent  from  neck  to  bottom ;  when  broken 
with  this  hammer,  you  see  a  core  of  metal  within.  This  is 
the  metal  bismuth,  which,  when  in  a  molten  condition,  was 
poured  into  this  bottle,  and  the  bottle  being  closed  by  a 
screw,  exactly  as  in  the  case  of  the  water.  The  metal  cooled, 
solidified,  expanded,  and  the  force  of  its  expansion  was  suffi- 
cient to  burst  the  bottle.  There  are  no  fish  here  to  be  saved, 
still  the  molten  bismuth  acts  exactly  as  the  water  acts.  Once 
for  all,  I  would  say  that  the  natural  philosopher,  as  such,  has 
nothing  to  do  with  purposes  and  designs.  His  vocation  is  to 
inquire  what  Nature  is,  not  why  she  is  ;  though  he,  like  oth- 
ers, and  he,  more  than  others,  must  stand  at  tunes  rapt  in 
wonder  at  the  mystery  in  which  he  dwells,  and  toward  the 
final  solution  of  which  his  studies  furnish  him  with  no 
clew. 

(103)  We  must  now  pass  on  to  the  expansion  of  solid 
bodies  by  heat,  which  may  be  illustrated  in  this  way :  Here 
are  two  wooden  stands,  ▲  and  b  (fig.  25),  with  plates  of  brass, 
p  p\  riveted  against  them.  These  two  bars  are  of  equal 
length,  one  of  them  is  brass,  the  other  iron,  and,  as  you  ob- 
serve, they  are  not  sufficiently  long  to  stretch  from  stand  to 
stand.  They  are  therefore  supported  on  two  little  projections 
of  wood  attached  to  the  stands  at />  and  p\  One  of  the  plates 
of  brass,  /?,  is  connected  with  one  pole  of  a  voltaic  battery,  d, 
and  from  the  other,  />',  a  wire  proceeds  to  the  little  instru- 
ment c,  in  front  of  the  table ;  and  again,  from  that  instrument, 
a  wire  returns  direct  to  the  other  pole  of  the  battery.  The 
instrument  in  front  consists  merely  of  an  arrangement  to 


n  HUT  ^  A  KOrX  OP  MOnOK. 

siTfKvt  a  spbal  c  of  pl»dniim  wiie,  wbidi  wUl  ^ow  with 
a  puK  while  bglit  wiwa  the  anrnt  fron  t»  puses  throu^  it 
Ai  ti>e  [Ksent  uaatent  the  onlj  faieak  in  the  cirenit  is 
doe  to  ibe  insaffioent  lenph  of  the  bus  of  bnag  uid  iron  to 
bridge  the  spKe  fnm  nand  to  stud.  Undernesth  the  ttan 
is  s  low  of  ga»^jet8,  which  I  wiD  dow  ignite;  the  htn  an 
be»ied,  the  metah  e^Mnd,  sad  in  s  few  iDomeiitB  they  wiH 
stretch  quite  mtosi  froa^  pUie  to  pUte.     When  this  occnn, 


the  current  will  pass,  aod  the  fitct  of  the  gap  being  bridged 
will  be  declared  by  tbe  sudden  glowing  of  the  platinum  spi- 
rnl.  It  is  etill  n  on -luminous,  the  bridge  not  being  yet  com- 
plotc;  but  now  the  spiral  brightens  up,  showing  that  one,  or 
l>r>th,  of  these  bars  have  expanded  so  as  to  stretch  quite  acrou 
from  stand  to  stand.  Which  of  the  bars  is  it  f  On  remoring 
tlic  iron,  the  platinum  still  glows :  I  restore  the  iron,  and  re- 
auive  the  brass ;  the  light  disappears.  It  was  the  brass,  then, 
'  at  bridged  the  gap.    So  that  we  bare  here  an  illustration. 
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not  only  of  the  general  fiact  of  expansion,  but  also  of  the  fiact 
that  different  bodies  expand  in  different  degrees. 

(104)  The  expansion  of  both  brass  and  iron  is  very  small ; 
and  various  instruments  have  been  devised  to  measure  the  ex- 
pansion. Such  instruments  bear  the  general  name  of  pyrom- 
eters. But  before  you  is  a  means  of  multiplying  the  effect, 
far  more  powerful  than  the  ordinary  pyrometer.  On  a  mirror 
connected  with  the  top  of  this  solid  upright  bar  of  iron  two 
feet  long,  is  thrown  a  beam  of  light  from  the  electric  lamp, 
which  beam  is  reflected  to  the  upper  part  of  the  walL  If  the 
bar  shorten,  the  mirror  will  turn  in  one  direction  :  if  it  lengthen, 
the  mirror  will  turn  in  the  opposite  direction.  Every  move- 
ment of  the  mirror,  however  slight,  is  multiplied  by  this  long 
index  of  light ;  which,  besides  its  length,  has  the  advantage 
of  moving  with  twice  the  angular  velocity  of  the  mirror. 
Even  the  human  breath,  projected  against  this  massive  bar  of 
iron,  produces  a  sensible  motion  of  the  beam ;  and,  if  it  be 
v%'anned  for  a  moment  with  the  flame  of  a  spirit-lamp,  the  lu- 
minous index  will  travel  downward,  the  patch  of  light  upon 
the  wall  moving  through  a  space  of  full  thirty  feet.  I  with- 
draw the  lamp,  and  allow  the  bar  to  cool ;  it  contracts,  and 
the  patch  of  light  reascends  the  wall :  the  contraction  is  hast- 
ened by  throwing  a  little  alcohol  on  the  bar  of  iron,  the  light 
moves  more  speedily  upward,  and  now  it  occupies  a  place  near 
the  ceiling,  as  at  the  commencement  of  the  experiment.* 

(105)  It  has  been  stated  that  different  bodies  possess  differ- 
ent powers  of  expansioii ;  f  that  brass,  for  example,  expands 
more,  on  being  heated,  than  iron.  Of  these  two  rulers,  one  is 
of  brass  and  the  other  of  iron,  and  they  are  riveted  together  so 
as  to  form,  at  this  temperature,  a  straight  compound  ruler.  But, 
when  the  temperatiu-e  is  changed,  the  ruler  is  no  longer  straight. 
If  heated,  it  bends  in  one  direction:  if  cooled,  it  bends  in  the  op- 

♦  The  piece  of  apparatn»  with  which  thia  experiment  was  made,  is  intended 
for  a  totally  different  purpose.    I  therefore  indicate  its  principle  merely. 

t  The  ooefficienta  of  expansion  of  a  few  well-known  Bubstances  are  given 
in  the  Appendix  to  this  Chapter. 
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posite  direction.     When  heated,  the  brass  expands  most,  and 
forms  the  convex  side  of  the  curved  ruler.     When  cooled,  the 
brass  contracts  most,  and  forms  the  concave  side  of  the  ruler. 
Facts  like  these  must,  of  course,  be  taken  into  account  in  struct- 
ures where  it  is  necessary  to  avoid  distortion.     The  force  with 
which  bodies  expand  when  heated,  is  quite  irresistible  bj  any 
mechanical  appliances  that  we  can  make  use  o&     All  these 
molecular  forces,  though  operating  in  such  minute  spaces,  are 
almost  infinite  in  energy.    The  contractile  force  of  cooling  has 
been  applied  by  engineers  to  draw  leaning  wa|}s  into  an  up- 
right position.     If  a  body  be  brittle,  the  heating  of  one  por- 
tion of  it,  producing  expansion,  may  so  press  or  strain  another 
portion  as  to  produce  fracture.    Hot  water  poured  into  a  glass 
often  cracks  it,  through  the  sudden  expansion  of  the  interior.  It 
may  also  be  cracked  by  the  contraction  produced  by  intense  cold. 
(106)  Before  you  are  some  flasks  of  very  thick  glass,  which, 
when  blown,  were  allowed  to  cool  quickly.    The  external  por. 
tioiis  became  first  chilled  and  rigid.     The  internal  portions 
cooled  more  gradually,  but  they  found  themselves,  on  cooling, 
surrounded,  as  it  were,  by  a  rigid  shell,  on  which  they  ex- 
erted the  powerful  strain  of  their  contraction.     The  conse- 
quence is,  that  the  superficial  portions  of  these  flasks  are  in 
such  a  state  of  tension  that  the  slightest  scratch  produces 
rupture.     I  throw  into  this  flask  a  grain  of  quartz ;  the  mere 
dropping  of  the  little  bit  of  hard  quartz  into  the  flask  causes 
the  bottom  to  fly  out  of  it.    .Here,  also,  are  these  so-called 
Rupert  drops,  or  Dutch  tears,  produced  by  glass  being  fiised 
to  drops,  and  suddenly  cooled.     The  external  rigid  shell  has 
to  bear  the  strain  of  the  inner  contraction ;  but  the  strain  is 
distributed  so  equally  all  over  the  surface,  that  no  part  gi^es 
way.     But  by  simply  breaking  this  filament  of  glass,  which 
forms  the  tail  of  the  drop,  the  solid  mass  is  instantly  reduced 
to  powder.    I  dip  the  drop  into  a  small  flask  filled  with  water, 
and  break  the  tail  outside  the  flask ;  the  drop  is  shiveerd  with 
such  force  that  the  shock,  transferred  through  the  water,  is 
sufficient  to  break  the  bottle  in  pieces. 
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(107)  A  veiy  ourious  effect  of  expansion  was  obeenred',  and 
explained,  some  jears  ago,  hy  the  Reverend  Canon  Moselej. 
Hie  choir  of  Bristol  Oathedial  was  covered  with  sheet-lead, 
the  length  of  the  oovering  being  M  feet,  and  its  depth  19  feet 
4  ipohes.  It  had  been  laid  on  in  the  year  1851,  and  two  years 
aflerward  it  had  moved  bodily  down  for  a  distance  of  eighteen 
inches.  The  descent  had  been  continually  gomg  on  £rom  the 
time  the  lead  had  been  laid  down,  and  an  attempt  made  to 
stop  it  by  driving  nails  into  the  rafters  had  £idled ;  few  the 
feme  with  which  the  lead  descended  was  snffioient  to  draw  out 
the  nails.  The  roof  was  not  a  steep  one,  and  the  lead  would 
hava  recited  on  it  forever,  without  Mding  down  by  gravity. 
What,  then,  was  the  cause  of  the  descent  ?  Simply  this. 
The  lead  was  exposed  to  the  varying  temperatures  of  day  and 
night.  During  the  day  the  heat  imparted  to  it  caused  it  to 
expand.  Had  it  lain  upon  a  horizoDtal  surface,  it  would  have 
expanded  equally  all  round ;  but,  as  it  lay  upon  an  inclined 
8ur£BU»,  it  expanded  more  freely  downward  than  upward. 
When,  on  the  contrary,  the  lead  contracted  at  night,  its  upper 
edge  was  drawn  more  easily  downward  than  its  lower  edge 
upward.  Its  motion  was  therefore  exactly  that  of  a  common 
earthworm ;  it  pushed  its  lower  edge  forward  during  the  day, 
and  drew  its  upper  edge  after  it  during  the  night,  and  thus  by 
d^rees  it  crawled  through  a  space  of  eighteen  inches  in  two 
years.  Every  minor  change  of  temperature  during  the  day 
and  during  the  night  contributed  also  to  the  result ;  indeed. 
Canon  Moseley  afterward  found  the  main  effect  to  be  due  to 
these  quicker  alternations  of  temperature. 

(108)  Not  only  do  different  bodies  expand  differently  by 
heat,  but  the  same  body  may  expand  differently  in  different 
directions.  In  crystals,  the  atoms  are  laid  together  according 
to  law,  and  along  some  lines  they  are  more  closely  packed 
than  along  others.  It  is  also  likely  that  the  atoms  of  many 
crystalline  bodies  oscillate  more  freely  and  widely  in  some  di- 
rections than  in  others.  The  consequence  of  this  would  be  an 
unequal  expansion  by  heat  in  different  directions.     The  crystal 
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• 

in  my  hand  (Iceland  spar)  has  been  proved  by  Professor  Mita- 
cherlich  to  expand  more  along  its  ciystallographio  axis  than  in 
any  other  direction.  Nay,  while  the  crystal  expands  as  a 
whole — that  is  to  say,  while  its  volume  is  augmented  by  heat 
— it  actually  contracts  in  a  direction  at  right  angles  to  the 
crystallographic  axis.  Many  other  ciystals  also  expand  di£Per- 
ently  in  dififerent  directions ;  and,  I  doubt  not,  most  oiganic 
structures  would,  if  examined,  exhibit  the  same  fact. 

(109)  Nature  is  full  of  anojnalies  which  no  foresight  can 
predict,  and  which  experiment  alone  can  reveaL  From  the 
deportment  of  a  vast  number  of  bodies,  we  should  be  led  to 
conclude  that  heat  always  produces  expansion,  and  that^oold 
always  produces  contraction.  But  water  steps  in,  and  bis- 
muth steps  in,  to  qualify  this  conclusion.  If  a  metal  be  oom- 
prcssed,  heat  is  developed ;  but,  if  a  wire  be  stretched,  cold  is 
developed.  Dr.  Joule  and  others  have  worked  experimentally 
at  this  subject,  and  foimd  the  above  fact  all  but  generaL 

(110)  One  striking  exception  to  this  rule  (there  are  prob- 
ably many  others)  has  been  known  for  a  great  number  of 
years ;  and  I  will  now  illustrate  this  exception  by  an  experi- 
ment. The  sheet  of  India-rubber  now  handed  to  me  has  been 
placed  in  the  next  room  to  keep  it  quite  cold.  ^  ''•utting  from 
this  sheet  a  strip  three  inches  long,  and  an  inch  and  a  half 
wide,  and  turning  the  thermo-electric  pile  upon  its  back,  I  lay 
u{>on  its  exposed  face  this  piece  of  India-rubber.  The  deflec- 
tion of  the  needle  proves  that  the  piece  of  rubber  is  cold.  I 
now  lay  hold  of  the  ends  of  the  strip,  suddenly  stretch  it,  and 
press  it,  while  stretched,  on  the  face  of  the  pile.  The  needle 
moves  with  energy,  showing  that  the  stretched  rubber  has 
heated  the  pile. 

(111)  But  one  deviation  from  a  rule  always  carries  other 
deviations  in  its  train.  In  the  physical  world,  as  in  the  moral, 
acts  are  never  isolated.  Thus  with  regard  to  our  India-rubber ; 
its  deviation  from  the  rule  referred  to  is  only  part  of  a  series 
of  deviations.  In  many  of  his  investigations  Dr.  Joule  has 
been  associated  with  an  eminent  natural  philosopher — Professor 


jmpoBnast  or  ikdu-sobber. 


WiUum  "nioinBoa* — and,  when  Hr. 

Thomson  was  made  aware  of  the 
deviation  of  India-mbbor  from  an 
almoet  general  rule,  he  BuggMted 
that  the  etretohed  India-rtibber 
might  «Aorf«n,  on  being  bested, 
llie  test  was  applied  b;  Joule, 
and  the  shortening  was  found  to 
take  place.t  This  singular  experi- 
ment, thrown  into  a  suitable  fona, 
will  now  be  perfonned  before  jaa, 
(112)  To  this  arm,  a  a  (fig.  »«), 
is  fastened  a  length  of  common  vul- 
canized India-rubber  tubing,  stretch- 
ed by  a.  weight,  w,  of  ten  pounds, 
to  about  three  times  its  former 
length.  The  index,  t  i,  is  formed 
first  of  a  piece  of  light  wood  mov- 
iug  freely  on  a  pivot,  being  pro- 
lunged  by  a  stout  striLigbt  straw. 
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At  the  end  of  the  straw  is  placed  a  spear«haped  piece  of 
paper,  which  can  range  over  a  graduated  circle  drawn  on  this 
black-board.  The  index  is  now  pressed  down  at  t  by  a  pro- 
jection attached  to  the  weight  If  the  weight  should  be 
lifted  by  the  contraction  of  the  India-rubber,  the  index  will 
follow,  being  drawn  after  it  by  a  spring,  e  «,  which  acts  upon 
the  short  arm  of  the  lever.  The  India-rubber  tube,  you  ob- 
serve, passes  through  a  sheet-iron  chimney,  c,  through  which 
a  current  of  hot  air  ascends  from  this  lamp  L.  Tou  see  the 
effect :  the  index  rises,  showing  that  the  rubber  contracts,  as 
Sir  Wm.  Thomson  anticipated,  and  by  continuing  to  apply 
the  heat  for  a  minute  or  so,  the  end  of  the  index  is  caused  to 
describe  an  arc  fully  three  feet  long.  I  withdraw  the  lamp, 
and,  as  the  India-rubber  returns  to  its  former  temperature, 
it  lengthens;  the  index  moves  downward,  and  now  it  rests 
even  below  the  position  which  it  occupied  at  first. 


AFFENmX  TO  OHAFTEB  m. 


It  is  not  vttUn  the  Mope  of  mj  ptetent  fa^ntloB  to  dwaD  In  d»- 
Ul  OB  dl  the  ^Hunamta^ot eipuuloii  bj  ItMt ;  ba^  fi>r  tha  uke  of 
07  Toongcr  raadan,  I  «ill  rappIaoMDt  tiiia  lih^ter  b;  &  ttw  addl- 
thnul  remarki. 

The  Hnear,  aap«rflela],  or  cnMo  eoeSdent  of  ezpanrion,  is  that ' 
ftaotion  of  a  bodr's  length,  nrboa,  or  Tolome,  wMoh  it  expands  on 
bang  heated  one  decree. 

Supposing  one  of  tlie  sideg  of  a  square  plate  of  metal,  whose 
length  is  1,  to  expand,  on  being  heated  one  degree,  by  the  qnantitj 
a  ;  then  the  side  of  the  new  square  ia  1  +0,  and  its  area  is 

1  +  2a  +  a'. 
Id  the  ease  of  ezpannon  bj  heat,  the  qaantitj  a  ia  bo  small,  that  ita 
Bqoare  '.a  almost  insensible ;  the  square  of  a  smatl  fraotioD  is,  of 
course,  greatly  leas  than  the  fraction  itoelf.  Hence,  vitbont  sensible 
error,  we  ma;  throw  awa^  the  a'  in  the  above  expression,  and  then 
we  have  the  area  of  the  new  sqnare 


la,  then,  is  the  snperflcial  coefficient  of  expansion ;  bence  we  infer 
that  b;  multiplying  the  linear  coefficient  hj  2,  we  obtun  the  anporS- 
cial  ooeffioient. 

Soppose,  instead  of  a  sqnare,  that  we  had  a  onbe,  having  a 
side  =  1 ;  and  that  on  beating  the  onbe  one  degree,  the  ride  ex- 
panded to  1  +  a  ;  then  the  volume  of  the  expanded  cube  wonld  be 

1  +  80  ■(-  8o'  -I-  a'. 

In  this,  as  in  the  former  case,  the  square  of  a,  end  much  more  the 

cobe  of  a,  maj  be  neglected,  on  aocount  of  thetr  ezcee^ng  amallneas ; 

we  have  then  the  volume  of  the  expanded  onbe  = 

l  +  8a; 
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that  is  to  say,  the  cabic  coeffident  of  expansion  ia  found  bj  trebliog 
the  linear  coefficient. 

The  following  table  contains  the  coefflcienta  of  expanrion  for  a  num- 
ber of  well-known  substances : 


Copper,  . 

,  0-000017 

0^)00001 

OOOOO01 

Lead, . 

0<X)0029 

0-000087 

Oi)00089 

Tin, 

.  0-000028 

0-000069 

0-000089 

Iron,  . 

0^)000128 

0^)00087 

0-000087 

Zinc, 

.  0-0000294 

0H)00068 

O-OO0O89 

Glass, 

0-000006 

OK)00024 

0-000084 

The  first  colamn  of  figures  here  gives  the  linear  coefficient  of  expan- 
sion for  1°  C;  the  second  column  contains  this  coefficient  trebled, 
which  is  the  cubic  expansion  of  the  substance ;  and  the  third  odamo 
gives  the  cubic  expansion  of  the  same  substance,  detcrmiDod  directly 
by  Professor  Kopp.*  It  will  be  seen  that  Kopp's  coeffioieots  agree 
almost  exactly  with  those  obtained  by  the  trebling  of  the  linear  co- 
efficients. 

The  linear  coeffident  of  glass  for  1°  C.  ia 


That  of  platinum  is 


0-0000080. 
0-0000088. 


Hence  gloss  and  platinum  expand  nearly  alike.  This  b  of  the  great' 
est  importance  to  chemists,  who  often  find  it  necessary  to  /use  plat- 
inum wires  into  their  glass  tubes.  Were  the  coefficients  differenty 
the  fracture  of  the  glohs  would  be  inevitable  during  the  contraction* 

Tlie  TherTTwmeter. 

Water  owes  its  liquidity  to  the  motion  of  heat ;  when  this  mo- 
tion sinks  sufficiently,  crystallization,  as  we  hare  seen,  sets  in.  The 
temperature  of  crystallization  is  perfectly  constant,  if  the  water  be 
kept  under  the  same  pressure.  For  example,  water  crystallizeB  in  aD 
climates  at  the  sea-level  at  a  temperature  of  82°  F.,  or  of  0*^  0.  The 
temperature  of  condensation  from  the  state  of  steam  is  equally  con- 
stant, OS  long  as  the  pressure  remains  the  same.  The  melting  of  iee 
and  the  freezing  of  water  touch  each  other,  if  I  may  use  the  express 
!<ion,  at  32°  F. ;  the  condensation  of  steam  and  the  boiling  of  water 
under  one  atmosphere  of  pressure  touch  each  other  at  112° :  82^  then 
is  the  freezing-point  of  water,  and  it  is  the  melting-point  iA  ice ;  212^ 

♦  Phil.  Mag.  1852,  vol.  iii.  p.  268. 
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it  tbe  condenmng-point  of  steam  and  the  boiliog-point  of  water. 
Both  are  inTarUble  as  long  as  the  preseare  remains  the  same. 

Here,  then,  we  hare  two  invalnable  standard  points  of  tempera- 
tare,  and  thej  have  been  nsed  for  this  tbronghoat  the  world.  The 
meroorial  thermometer  consists  of  a  bulb  and  a  stem  with  capillary 
bore.  The  bore  onght  to  be  of  eqaal  diameter  throughout.  The 
bulb  and  a  portion  of  the  stem  are  filled  with  meronry.  Both  are 
then  plunged  into  melting  ioe,  the  mercury  shrinks,  the  column  de- 
scends, and  finally  comes  to  rest.  Let  the  point  at  which  it  becomes 
stationary  be  marked ;  it  is  the  freeging-point  of  the  thermometer. 
Let  the  instrument  be  now  removed  and  thrust  into  boiling  water ; 
the  mercury  expands,  the  column  rises,  and  finally  attuns  a  station- 
ary height  Let  this  point  be  marked ;  it  is  the  laUing'point  of  the 
thermometer.  The  space  between  the  freezing-point  and  the  boiling- 
ing  point  has  been  divided  by  Reaumur  into  80  equal  parts,  by  Fah- 
renheit into  180  equal  parts,  and  by  Celsius  into  100  equal  parts,  called 
degrees.  The  thermometer  of  Celsius  is  also  called  the  Centigrade 
thermometer. 

Both  E^aumur  and  Celsius  call  the  freezing-point  0^,  Fahrenheit 
calls  it  82^,  because  he  started  from  a  zero  which  he  incorrectly  ima- 
gined was  the  greatest  terrestrial  cold.  Fahrenheit's  boiling-point  is 
therefore  212®.  Reaumur's  boiling-point  is  80°,  ^hile  the  boiling- 
point  of  Celsius  is  100°. 

The  length  of  the  degrees  being  in  the  proportion  of  80  :  100  : 
180,  or  of  4  :  5  :  9,  nothing  can  be  easier  than  to  convert  one  into  the 
other.  If  you  want  to  convert  Fahrenheit  into  Celsius,  multiply  by 
5  and  divide  by  9 ;  if  Celsius  into  Fahrenheit,  multiply  by  9  and 
divide  by  5.  Thus  20°  of  Celsius  are  equal  to  36®  Fahrenheit ;  but 
if  we  would  know  what  temperature  by  Ffthrenheit's  thermometer 
corresponds  to  20®  of  Celsius,  we  must  add  32  to  the  36,  which  would 
make  the  temperature  20®,  as  shown  by  Celsius,  equal  the  tempera- 
ture 68®,  as  shown  by  Fahrenheit. 


EXTRACTS  FBOM  SOt  H.  DAVY^  FISST  SCIENTIFIC  MEMOIR,  BEARING  THE 
TITLE  -ON  HEAT,  LIGHT,  AND  THE  COMBINATIONS  OF  LIGHT."* 

The  peculiar  modes  of  existence  of  bodies — solidity,  fluidity,  and 
gazity — ndepend  (according  to  the  calorists)  on  the  quantity  of  the 
fluid  of  heat  entering  into  their  composition.  This  substance  insinu- 
ating itself  between  their  corpuscles,  separating  them  from  each 

♦  Sir  Humphry  Davy's  Works,  vol.  ii 


88  HEAT  AS  A  MODE  OF  MOTION. 

other,  and  preventing  their  actaal  contact,  is  bj  them  sapposed  to  be 
the  cause  of  repulsion. 

Other  philosophers,  dissatisfied  with  the  evidencei  prodaced  is 
favor  of  the  existence  of  this  fluid,  and  perceiving  the  generation  of 
heat  hy  friction  and  percussion,  have  supposed  it  to  be  motion. 
Considering  the  discovery  of  the  troe  cause  of  the  repnlmve  power 
as  highly  important  to  philosophy,  I  have  endeavored  to  inyeatigite 
this  part  of  chemical  science  by  experimenta;  from  these  experi- 
ments (of  which  I  am  now  about  to  give  a  detail)  I  condnde  that 
heat  or  the  power  of  repulsion  is  not  matter, 

r 

The  Phenomena  of  RepuUion  are  not  dependent  on  a  peculiar  eJaKw 
fluid  for  their  exutenee^  or  Calorie  does  not  exist, 

Without  considering  the  effects  of  the  repulsive  power  on  bodies, 
or  endeavoring  to  prove  from  these  effects  that  it  is  motion,  I  disll 
attempt  to  demonstrate  by  experiments,  that  it  is  not  matter ;  and 
in  doing  this,  I  shall  use  the  method  called  by  mathematicianB,  rt- 
ductio  ad  aheurdum. 

First,  let  the  increase  of  temperature  produced  by  friction  and 
percussion  be  supposed  to  arise  from  a  diminution  of  the  capacities 
of  tlie  acting  bodies.  In  this  case  it  is  evident  some  change  must  be 
induced  in  the  bodies  by  the  action,  which  lessens  their  capacities 
and  increases  their  temperatures. 

Experiment — I  procured  two  parallelopipedons  of  ice,  ♦  of  the 
temperature  of  29^,  six  inches  long,  two  wide,  and  two-thirds  of  an 
inch  thick :  they  were  fastened  by  wires  to  two  bars  of  iron.  By  « 
peculiar  mechanism,  their  surfaces  were  placed  in  contact,  and  kept 
in  a  continued  and  most  violent  friction  for  some  minutes.  Thej 
were  almost  entirely  converted  into  water,  which  water  was  col- 
lected, and  \i%  temperature  ascertained  to  be  85°,  after  remaining  in 
an  atmosphere  of  a  lower  temperature  for  some  minutes.  The  furion 
took  place  only  at  the  plane  of  contact  of  the  two  pieces  of  ioe,  and 
no  bodies  were  in  friction  but  ice. 

From  this  experiment  it  is  evident  that  ice  by  friction  is  con- 

(verted  into  water,  and,  according  to  the  supposition,  its  capaoSty  is 
diminished ;  but  it  is  a  well-known  fact,  that  the  capacity  of  water 


*  The  result  of  this  experiment  is  the  same,  if  wax,  tallow,  redn,  or  aqy 
substance  fusible  at  a  low  temperature,  be  used ;  even  iron  may  be  fnaed  bj 
'»on. 
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fbr  beat  is  mnoh  greater  than  that  of  ioe;  and  ioe  miut  have  an  ab- 
eolate  qoantitj  of  heat  added  to  it,  before  it  can-  be  converted  into 
water.  Friction  oonfleqnenti  j  does  not  diminish  the  capacities  of 
bodies  for  heat. 

From  this  experiment  it  is  likewise  evident,  tha^  the  increase  of 
temperature  oonaeqaent  on  friction  cannot  arise  from  the  decompo- 
sition of  the  oxygen  gas  in  contact,  for  ice  has  no  attraction  for 
oxygen.  Since  the  increase  of  temperatare  consequent  on  friction 
cannot  arise  from  the  diminution  of  capacity,  or  oxidation  of 
the  acting  bodies,  the  only  remuning  supposition  is,  that  it  arises 
from  an  absolute  quantity  of  heat  added  to  them,  which  heat  must 
be  attracted  from  tiie  bodies  in  contact  Then  friction  must  induce 
some  change  in  bodies,  enabling  them  to  attract  heat  from  the  bodies 
in  contact. 

&periment — I  procured  a  piece  of  clockwork,  so  constructed  as 
to  be  set  at  work  in  the  exhausted  receiver ;  one  of  the  external 
wheels  of  this  machine  came  in  contact  with  a  thin  metallic  plate. 
A  considerable  degree  of  sensible  heat  was  produced  by  fnction  be- 
tween the  wheel  and  plate  when  the  machine  worked,  uninsulated 
from  bodies  capable  of  communicating  heat.  I  next  procured  a 
small  piece  of  ice ;  *  round  the  superior  edge  of  this  a  small  canal 
was  made,  and  filled  with  water.  The  machine  was  placed  on 
the  ic«,  but  not  in  contact  with  the  water.  Thus  disposed,  the 
whdle  was  placed  under  the  receiver  (which  had  been  previously 
filled  with  carbonic  acid),  a  quantity  of  potash  (i.  e.,  caustic  vege- 
table alkali)  being  at  the  same  time  introduced. 

The  receiver  was  now  exhausted.  From  the  exhaustion  and 
from  the  attraction  of  the  carbonic-acid  gas  by  the  potash,  a  vacuum 
nearly  perfect  was,  I  believe,  made. 

The  machine  was  now  set  to  work;  the  wax  rapidly  melted, 
proving  an  increase  of  temperature. 

Caloric  then  was  collected  by  friction;  which  caloric,  on  the 

*  The  temperatare  of  the  ice  and  of  the  sarroanding  atmosphere  at  the 
commeocemeat  of  the  experiment  was  32*,  that  of  the  machine  was  likewise 
32*.  At  the  end  of  the  experiment,  the  temperature  of  the  coldest  part  of  the 
macliine  was  near  33*,  that  of  the  ice  and  surrounding  atmosphere  the  same 
as  at  the  commencement  of  the  experiment,  so  that  the  heat  produced  by  the 
friction  of  the  different  parts  of  the  machine  was  sufficient  to  raise  the  tem- 
perature of  near  half  a  pound  of  metal  at  least  one  degree ;  and  to  convert 
eighteen  grains  of  wax  (the  quantity  employed)  into  a  fluid. 
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Hoppoiiition,  waa  commonicated  by  the  bodies  in  (xmtaet  with  tlie 
machine.  In  this  experiment,  ice  waa  the  onlj  body  in  contact 
with  the  machine.  Had  this  ice  given  out  calorie,  the  water  on  the 
top  of  it  must  have  been  frozen.  The  water  on  the  top  of  it 
was  not  frozen,  consequently  the  ice  did  not  give  out  calorie.  The 
caloric  could  not  come  from  the  bodies  in  contact  with  the  loe^ 
for  it  must  have  passed  through  the  ice  to  penetrate  the  machine^ 
and  an  addition  of  caloric  to  the  ice  woold  have  converted  it  into 
water. 

Heat,  when  produced  by  friction,  cannot  be  collected  from  the 
bodies  in  contact,  and  it  was  proved,,  by  the  first  experiment,  that 
the  increase  of  temperature  consequent  on  friction,  cannot  arise  Irem. 
diminution  of  capacity  or  oxidation.  But  if  it  be  considered  as 
mutter,  it  must  be  produced  in  one  of  these  modes.  Since  (ai 
Is  demonstrated  by  these  experiments)  it  is  prodnoed  in  neither 
of  those  modes,  it  cannot  be  considered  as  matter.  It  has  therefore 
been  experimentally  demonstrated  that  caloric,  or  the  matter  of 
heat,  does  not  exist. 

Solids  by  long  and  violent  friction  become  expanded,  and,  if  of  a 
ln)j:]ier  temperature  than  our  bodies,  affect  the  sensory  organ  witii 
the  peculiar  sensation  known  by  the  common  name  of  heat. 

Since  bodies  become  expanded  by  friction,  it  is  evident  that  their 
corpuscles  must  move  or  se[)arate  from  each  other. 

Now,  a  motion  or  vibration  of  the  corpuscles  of  bodies  must  be 
necessarily  generated  by  friction  and  percussion.  Therefore  we  mxj 
reasonably  conclude  that  this  motion  or  vibration  is  heat,  or  the  li- 
piilsive  power. 

Heat,  then,  or  that  power  which  prevents  the  actual  contact  of 
the  corpuscles  of  bodies,  and  which  is  the  cause  of  onr  pecuBar 
sensations  of  heat  and  cold,  may  be  defined  as  a  peculiar  motion, 
probably  a  vibration,  of  the  corpuscles  of  bodies,  tending  to 
separate  them.  It  may  with  propriety  be  called  the  repninvo 
motion. 

Since  there  exists  a  repulsive  motion,  the  particles  of  bodiei 
may  be  considered  as  acted  on  by  two  opposing  forces ;  the  approii- 
mating  power  (which  may,  for  greater  ease  of  expression,  be 
called  attraction)  and  the  repulsive  motion.  The  first  of  these  is 
the  compound  effect  of  the  attraction  of  cohesion,  by  which  the 
particles  tend  to  come  in  contact  with  each  other;  the  attraction 
of  gravitation,  by  which  they  tend  to  approximate  to  the  great  con- 
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tigaoQa  museB  of  matte,  nid  the  prewnre  under  wMoh  thej  ezist^ 
dipendent  on  fhe  graTitatipn  of  the  saperinonmbent  bodies. 

The  eeoondisthe  eflbotef  *  peeolier  niot<»7  or  Tibretory  impnlBe 
l^en  to  them,  tendfaig  to  remore  them  fiurther  from  each  other, 
and  whioh  oaa  be  generated,  or  rather  Inoreaaed,  hj  friction  or  per- 
eaarion.  The  eflbet  of  the  attraedon  of  eoheeioni  the  great  ap- 
prwiimating  oanae,  on  the  eorpnaclea  of  bodies,  is  exactly  siroikr  to 
that  of  tiie  attraction  of  graritation  on  the  great  masses  of  matter 
comporing  the  nniTerae,  and  the  repnlsiTe  force  is  analogous  to  the 
planetary  prqjeotile  force. 

In  his  "Ohemical  Philosophy,"  pp.  M  and  96,  Dayy  ezpressee 
hhnself  thus:  ^By  a  moderate  degree  of  friction,  as  it  would  appear 
from  Bomfcnrd's  experiments,  tlie  same  piece  of  metal  may  be  kept 
hot  for  any  length  of  time;  so  that,  if  the  heat  be  pressed  ont,  the 
qnantity  must  be  inexhansdble.  When  any  body  is  cooled,  it  occa- 
l^es  a  smaller  Tohime  Ukan  before;  it  is  evident,  therefore,  that 
itb  parts  most  have  approached  each  other;  when  the  body  has 
expanded  by  heat,  it  is  equally  evident  that  its  parts  must  have 
separated  from  each  other.  The  immediate  cause  of  the  phe- 
nomenon of  heat,  then,  is  motion ;  and  the  laws  of  its  communi- 
cation are  precisely  the  same  as  the  laws  of  the  communication  of 
motion. 

*'  Since  all  matter  may  be  made  to  fill  a  smaller  space  by  cooling, 
it  is  evident  that  the  particles  of  matter  must  have  space  between 
them ;  and,  since  every  body  can  communicate  the  power  of  expan- 
sion to  a  body  of  a  lower  temperature — that  is,  can  give  an  ex- 
pansive motion  to  its  particles — it  is  a  probable  inference  that  its 
own  particles  are  possessed  of  motion ;  but,  as  there  is  no  change 
in  the  position  of  its  parts,  as  long  as  its  temperature  is  uniform,  the 
motion,  if  it  exist,  must  be  a  vibratory  or  undulatory  motion,  or  a 
motion  of  the  particles  round  their  axes,  or  a  motion  of  the  parti- 
cles round  each  other. 

'*  It  seems  possible  to  account  for  all  the  phenomena  of  heat 
if  it  be  supposed  that  in  solids  the  particles  are  in  a  constant  state 
of  vibratory  motion,  the  particles  of  the  hottest  bodies  moving  with 
the  greatest  velocity,  and  through  the  greatest  ^paoe ;  that  in  fiuids 
and  elastic  fluids,  besides  the  vibratory  motion,  which  must  be  con- 
ceived greatest  in  the  last,  the  particles  have  a  motion  round  their 
own  axea  with  different  velocity,  the  particles  of  elastic  fluids  mov- 
ing with  the  greatest  quickness,  and  that  in  ethereal  substances  the 
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|iiirtIrloM  move  round  their  own  axes,  and  septtraie  from  eadi  other, 
liuiioti'iitiii)(  ill  right  lines  through  space.  Temperstnre  mi^  be  con- 
luiivud  tf»  (lupund  upon  the  velocity  of  the  Tibraiions;  incresM 
lit'  nitpiu^ity  ill  tlio  motion  being  performed  in  greater  spsee ;  and  the 
ili mill u lion  of  temperuture  during  the  conversion  of  solids  into 
tluitiri  or  giwes,  iiiaj  be  explained  on  the  idea  of  the  loss  of  vibra- 
tory motion,  in  oonseqnenoe  of  the  revolution  of  particles  roond 
tlittir  uKtiH,  at  tlio  moment  when  the  body  becomes  flnid  or  aSrifons, 
or  tVoiii  tho  loM  of  rapidity  of  vibration  in  oonseqnenoe  of  the  mo- 
tion of  the  piirtirloH  through  space." 


TIBSATIOK  07  nXATSD  IfBTAia 


98 


COAPTBR  IT. 


or 


t  ivfumraitfA  oiBoinc- 
■momi;  noi  axmu  or 


(113)  1)EF0RE  finally  quitting  the  subject  of  expansion, 
-*-^  I  wish  to  show  you  an  experiment  which  illus- 
trates in  a  curious  and  agreeable  way  the  conversion  of  heat  into 
mechanical  energy.  The  fact  to  be  reproduced  was  first  ob- 
served by  a  gentleman  named  Schwartz,  in  one  of  the  smelt- 
ing-works  of  Saxony.  A  quantity  of  silver  which  had  been 
fused  in  a  ladle  was  allowed  to  solidify,  and  to  hasten  its  cool- 
ing it  was  turned  out  upon  an  anvil.  Some  time  afterward  a 
strange  buzzing  sound  was  heard  in  the  locality.  The  sound 
was  finaUy  traced  to  the  hot  silver,  which  was  foimd  quivering 
upon  the  anvil.  Many  years  subsequent  to  this,  Mr.  Arthur 
Trevelyan  chanced  to  he  using  a  hot  soldering-iron,  which  he 
laid,  by  accident,  against  a  piece  of  lead.  Soon  afterward, 
his  attention  was  excited  by  a  most  singular  sound,  which, 
after  some  searching,  was  found  to  proceed  from  the  soldering- 
iron.  Like  the  silver  of  Schwartz,  the  soldering-iron  was  in  a 
state  of  vibration.  Mr.  Trevelyan  made  his  discovery  the 
subject  of  a  very  interesting  investigation.  He  determined 
the  best  form  to  be  given  to  the  "  rocker,  "  as  the  vibrating 
mass  is  now  called,  and  throughout  Europe  this  instrument  is 
known  as  "  Trevelyan's  Instrument. "  Since  that  time  the  sub- 
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ject  has  engaged  the  attention  of  Professor  J.  D.  Fofbei^ 
Dr.  Seebeck,  Mr.  Faradaj,  M.  Sondhaiis,  and  myself;  bat  to 
Trevelyan  and  Seebeck  we  owe  most  of  our  knowledge  re- 
garding it. 

(114)  Here  is  a  rocker  made  of  brass.     Its  length,  ▲  o  {Rg, 
27),  is  five  inches ;  the  width,  A  b,  1*5  inch ;  and  the  length 


m. 


^ 


^^ 


of  the  handle,  whioh  terminates  in  the  knob  f,  is  ten  inche& 
A  groove  runs  at  the  back  of  the  rocker,  along  its  centre; 
the  cross-section  of  the  rocker  is  given  at  ic  We  will  hett 
the  rocker  to  a  temperature  somewhat  higher  than  thai  of 
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boiling-water,  and  lay  it  on  a  block  of  lead,  allowiDg  its  knot) 
to  rest  upon  the  table.  You  hear  a  quick  succession  of  foiri- 
blc  taps.  But  you  cannot  see  the  oscillations  of  the  rocker, 
to  which  the  taps  are  due.  I  therefore  place  on  it  this  brasB 
rod  A  B  (fig.  28),  with  a  brass  ball  at  each  of  its  ends;  the 
oscillations  are  thereby  rendered  much  slower,  and  you  oai^ 
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follow  with  tbe  eye  the  peodulous  motion  of  the  rod 
and  balls.  This  motion  will  oontinue  as  long  as  the  rocker  is 
aUe  to  oommunioate  sufficient  heat  to  the  oanier  on  which  it 
lestB.  Unas  we  render  the  yibrations  slow,  but  they  can  also 
be  rendered  quick  bj  using  a  rocker  with  a  wider  groove. 
Tbe  odes  of  this  new  locker  do  not  ovecfaang  so  much  as  those 
of  the  last;  it  is  virtuallj  a  shorter  pendulunii  and  will  vibrate 
more  quicldy.  Placed  upon  the  lead,  as  before,  it  fills  the 
room  with  a  dear,  fiill  note.  Its  taps  are  periodic  and  regu- 
lar, and  thej  have  linked  themsdves  together  to  produce  this 
musia  'Bete  is  a  third  looker,  with  a  still  wider  groove,  and 
with  it  we  obtain  a  shriller  tone.  You  know  that  the  pitch 
of  note  augments  with  the  number  of  the  vibrations;  this 
wide>grooved  rodcer  oscillates  more  quickly  than  its  predeces- 
sor, and  therefore  emits  a  higher  note.  By  means  qf  a  beam 
of  light  we  obtain  an  index  without  weight,  which  does  not 
retard  motion.  To  the  rocker  is  fastened,  by  a  single  screw 
at  its  centre,  a  small  disk  of  polished  silver,  on  which  the 
beam  of  the  electric  lamp  fsdls,  and  from  which  it  is  reflected 
against  the  screen.  When  the  rocker  vibrates,  the  beam 
vibrates  also,  but  with  twice  the  angular  velocity,  and  you 
now  see  the  patch  of  light  drawn  out  to  a  band  upon  the 
white  surface. 

(115)  What  is  the  cause  of  these  singular  vibrations  and 
tones  ?  They  are  due  simply  to  the  sudden  expansion  by  heat 
of  the  body  on  which  the  rocker  rests.  Whenever  the  hot 
metal  comes  into  contact  with  its  lead  carrier,  a  nipple  sud- 
denly  juts  from  the  latter,  being  produced  by  the  heat  com- 
municated to  the  lead  at  the  point  of  contact  The  rocker  is 
thus  tilted  up,  and  some  other  point  of  it  comes  into  contact 
with  the  lead,  a  fresh  nipple  is  formed,  and  the  weight  is 
again  tilted.  Let  a  b  (fig.  29)  be  the  surface  of  the  lead, 
and  R  the  cross-section  of  the  hot  rocker ;  tilted  to  the  right, 
the  nipple  is  formed  as  at  B ;  tilted  to  the  left,  it  is  formed  as 
at  L,  the  nipple  in  each  case  disappearing  as  soon  as  the  con- 
tact with  the  rocker  ceases.     The  consequence  is,  that  while 
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ita  temperature  remains  eufficientlj  Ugh,  the  rocker  ia  totsed 
to  and  fro,  and  the  quick  succession  of  its  taps  agminst  the 
lead  produces  a  musical  sound. 

(lie)  These  two  pieces  of  sheet-lead  are  fixed  edgers^ 


.^        ^^ 


in  a  vice  ;  their  edges  are  about  half  an  inch  asunder.  A  long 
bar  of  heated  brass  is  laid  across  the  two  edgea  It  rests  fint 
on  one  edge,  which  expands  at  the  point  of  contact  and  jeria 
it  upward ;  it  then  falls  upon  the  second  edge,  which  also  re- 
jects it ;  and  thus  it  goes  on  oscillating,  and  will  continue  to 
do  so  as  long  as  the  bar  can  communicate  sufBcient  heat  to 
the  lead.  This  fire-shovel  will  answer  quite  as  well  as  the 
prepared  bar.     I  balance  the  heated  shovel  upon  the  edges  of 


the  loud,  nnd  it  oscillates  exactly  on  the  bar  did  (fig.  30).  It 
Tiiiiy  bo  added,  tlmt  by  properly  laying  either  the  poker  or  fiffr 
sliDvi'l  upon  A  block  of  lead,  and  supporting  the  handle  bo  M 
to  avoid  friction,  youmny  obtain  notes  as  sweet  and  musicals' 
any  jou  tiarc  heard  to-duy.   A  heated  hoop  placed  upon  a  pUte 
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of  lead  may  also  be  caused  to  vibrate  and  sing ;  and  a  hot 
penny-piece  or  half-crown  may  be  caused  to  do  the  same. 

(117)  Looked  at  with  reference  to  the  connection  of  nat- 
ural forces,  this  experiment  is  interesting.  The  atoms  of 
bodies  must  be  regarded  as  all  but  infinitely  small,  but  then 
they  must  be  regarded  as  all  but  infinitely  numerous.  The 
augmentation  of  the  amplitude  of  any  oscillating  atom  by  the 
communication  of  heat  is  insensible ;  but  the  summation  of  an 
almost  infinite  number  of  such  augmentations  becomes  sen- 
sible. Such  a  summation,  effected  almost  in  an  instant,  pro- 
duces the  nipple,  and  tilts  the  heavy  mass  of  the  rocker. 
Here  we  have  a  direct  conversion  of  heat  into  common  me- 
chanical motion.  But  the  tilted  rocker  falls  again  by  gravity, 
and  in  its  collision  with  the  block  restores  almost  the  precise 
amount  of  heat  which  was  consumed  in  lifting  it.  Here  we 
have  the  direct  conversion  of  common  gravitating  force  into 
heat.  Again,  the  rocker  is  surrounded  by  a  medium  capable 
of  being  set  in  motion.  The  air  of  this  room  weighs  some 
tons,  and  every  particle  of  it  is  shaken  by  the  rocker,  and 
every  tympanic  membrane,  and  every  auditory  nerve  present, 
is  similarly  shaken.  Thus  we  have  the  conversion  of  a  por- 
tion of  the  heat  into  sound.  And,  finally,  every  sonorous  vi- 
bration which  speeds  through  the  air  of  this  room,  and  wastes 
itself  upon  the  walls,  seats,  and  cushions,  is  converted  into  the 
form  with  which  the  cycle  of  actions  commenced — namely, 
into  heat. 

(118)  There  is  another  curious  effect,  for  which  we  are  in- 
debted to  Mr.  George  Gk)re,  which  admits  of  a  similar  ex- 
planation. You  see  this  line  of  rails.  Two  strips  of  brass, 
s  s,  s'  s'  (fig.  31),  are  set  edgeways,  about  an  inch  asunder.  A 
hollow  ball  B,  of  very  thin  metal,  is  placed  upon  the  rails.  If 
it  !>e  pushed  it  rolls  along  them ;  but  when  left  alone  it  is 
quite  still.  I  connect  the  two  rails,  by  the  wires  w  w\  with 
the  two  poles  of  a  voltaic  battery.  A  current  now  passes 
down  one  rail  to  the  metal  ball,  thence  over  the  ball  to  the 
other  rail,  and  finally  back  to  the  battery.  At  the  two  points 
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of  contact  of  the  ball  with  the  rails  the  curreat  encouDtetS  re- 
sistance, and  wherever  a  current  encuuatera  reEiatanoe  heat  is 
developed.    The  heat  produoes  an  elevation  of  the  rail  at 


these  points.  Observe  the  effect :  the  ball,  which  a  moment 
ago  was  tranquil,  is  DOW  uneasy.  It  vibrates  a  little  at  fint 
without  rolling  ;  now  it  actuall^v  rolls  a  Uttle  way,  atops,  snd 
rolls  back  again.  It  gradually  augments  its  excursion,  now  it 
has  gone  forther  than  was  intended :  it  has  rolled  quite  off 
the  rails,  and  injured  itself  by  falling  on  the  floor, 

(110)  In  this  other  apparatus,  for  which  I  am  iodobted  to 
Mr.  Gore  himself,  the  rails  form  a  pair  of  concentric  hoop& 
When  the  cirtsiiit  is  established,  the  ball  r  (fig.  33)  rolls  ropiid 
the  circle*     Abandoning  the  electric  current,  Mr.  Giore  hu 


olitiilnod  the  rotation  of  light  balls  by  placing  them  on  drcular 
niilM  of  <-oppcr  heated  in  a  fire,  the  roUing  force  in  this  case 
lii'tufj;  the  same  as  the  ro<'king  force  in  the  Trevelyftn  instru- 
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(120)  In  the  vast  majority  of  cases  the  passage  of  bodies 
from  the  liquid  to  the  solid  state  is  accompanied  by  contrac- 
tion. Here,  for  example,  is  a  round  glass  dish  containing  hot 
water.  Over  the  water  I  pour  from  a  ladle  a  quantity  of 
melted  wax.  The  wax  now  forms  a  liquid  layer  nearly  half  an 
inch  thick  above  the  water.  We  will  suffer  both  water  and 
wax  to  cool,  and  when  they  are  cool  you  will  find  that  the 
wax,  which  now  overspreads  the  entire  surfcice,  and  is  attached 
all  roimd  to  the  glass,  will  retreat,  and  we  shall  finally  obtain 
a  cake  of  wax  of  considerably  smaller  area  than  the  dish. 

(121)  The  wax,  therefore,  in  passing  from  the  solid  to  the 
liquid  state,  expands.  To  assume  the  liquid  form,  its  particles 
must  be  pushed  more  widely  apart,  a  certain  play  between  the 
particles  being  necessary  to  the  condition  of  liquidity.  Now, 
suppose  we  resist  the  expansion  of  the  wax  by  an  external 
mechanical  force ;  suppose  we  have  a  very  strong  vessel  com- 
pletely filled  with  solid  wax,  and  offering  a  powerful  resistance 
to  the  expansion  of  the  mass  within  it ;  what  would  you  expect 
if  you  sought  to  liquefy  the  wax  in  this  vessel  ?  When  the 
wax  is  free,  the  heat  has  only  to  conquer  the  attraction  of  the 
molecules  of  the  wax,  but  in  the  strong  vessel  it  has  not  only 
this  to  conquer,  but  also  the  resistance  offered  by  the  vessel. 
By  a  mere  process  of  reasoning,  we  should  thus  be  led  to  infer 
that  a  greater  amount  of  heat  would  be  required  to  melt  the 
wax  under  pressure,  than  when  it  is  free  ;  or,  in  other  words, 
that  the  point  of  fusion  of  the  wax  will  be  elevated  hy  pressure. 
This  reasoning  is  completely  justified  by  experiment.  Messrs. 
HopkiBS  and  Fairbaim  have,  by  pressure,  raised  the  melting- 
point  of  some  substances,  which,  like  wax,  contract  consider- 
ably on  solidifying,  as  much  as  20°  and  30°  Fahr. 

(122)  The  experiments  here  referred  to  connect  themselves 
with  a  very  remarkable  speculation.  The  earth  is  known  gradu- 
ally to  augment  in  temperature  as  we  pierce  it  deeper,  and  the 
depth  has  been  calculated  at  which  all  known  terrestrial  bodies 
would  be  in  a  state  of  fusion.  Mr.  Hopkins,  however,  observes 
that,  owing  to  the  enormous  pressure  of  the  superincumbent 
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layers,  the  deeper  strata  would  require  a  fax  higher  tempera- 
ture to  fuse  them  than  would  be  necessary  to  fuse  the  strata 
near  the  earth's  surface.  Hence  he  infers  that  the  solid  crust 
must  have  a  considerably  greater  thickness  than  that  given  by 
a  calculation  which  assumes  the  fusing-points  of  the  super6cial 
and  the  deeper  strata  to  be  the  same.  Sir  William  Thomson 
(Proceedings  of  the  Royal  Society,  vol.  xii.  p.  103)  expresses 
the  conclusion  that '' unless  the  solid  substance  of  the  earth 
be  on  the  whole  of  extremely  rigid  material,  it  must  yield  (be 
deformed)  by  that  attraction  of  the  sun  and  moon  which  gen- 
crates  the  tides  so  as  to  very  sensibly  diminish  the  actual  phe- 
nomena of  the  tides,  and  of  precession  and  nutation.''  Mr. 
Hopkins  had  already  rejected  the  conclusion  of  geologists  that 
the  earth  could  be  a  molten  nucleus  covered  by  a  crust  only 
100  miles  in  thickness.  He  concluded  that  the  depth  of  the 
crust  must  be  at  least  800  miles.  Sir  William  Thomson  con- 
sidcrs  it ''  extremely  improbable  that  any  crust  thinner  than 
2,000  or  2,500  miles  could  maintain  its  figure  with  sufficient 
rigidity  against  the  tide-generating  forces  of  sun  and  moon,  to 
allow  the  phenomena  of  the  ocean-tides  and  of  precession  and 
nutation  to  be  as  they  now  are." 

(123)  The  deportment  of  ice  is  opposed  to  that  of  wax. 
Ice  on  liqucf)'ing  contracts  /  in  the  arrangement  of  its  atoms 
to  form  a  solid,  more  room  is  required  than  they  need  in  the 
neighboring  liquid  state.     No  doubt  this  is  due  to  crystalline 
arrangement ;  the  attracting  poles  of  the  molecules  are  so  situ- 
ated, that  when  the  crystallizing  force  comes  into  play,  the 
molecules  unite  so  as  to  leave  larger  interatomic  spaces  in  the 
mass.     We  may  suppose  them  to  attach  themselves  by  their 
corners ;  and,  in  turning  comer  to  comer,  to  cause  a  recession 
of  the  atomic  centres.    At  all  events,  their  centres  retreat  from 
each  other  when  solidification  sets  in.     By  cooling,  then,  this 
power  of  retreat,  and  of  consequent  enlargement  of  volume,  is 
conferred.     It  is  evident  that  pressure  in  this  case  would  re- 
sist the  expansion  which  is  necessary  to  solidiBcation,  and 
hence  the  tendency  of  pressure,  in  the  casfi  of  water,  is  to  keep 
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it  liquid,  Titus  rcasoDiDg,  wc  should  be  led  to  the  conclusion 
that  the  fusiii^poiuts  of  sub&tancGs  wbich  expaud  od  solidify- 
ing lire  loteertd  by  pressun?. 

(124)  Professor  Jsimes  Thomson  first  investigated  tbia 
Kiibjcct  from  a  theoretic  poiut  of  view,  and  his  conclusions 
liave  been  completely  verified  by  the  experiments  of  bis 
brother,  Professor  Sir  William  Thomson. 

(125)  Let  us  illu&trute  these  prineiples  by  a  striking  ex- 
periment. This  square  pillar  of  clear  ice  id  an  inch  and  a  half 
ID  height,  and  about  a  square  inch  in  cross-section.  At  pres- 
ent the  temperature  of  the  ice  is  0°  C.  But  if  the  ice  be  sub- 
jected to  pressure  its  point  of  fusion  will  be  lowered :  the 
compressed  ice  will  melt  at  a  temperature  under  0°  C,  and 
hence  the  temperature  which  it  now  possesses  is  in  excess  of 
that  at  which  it  will  melt  under  pressure.     The  ioe  is  cut  so 


that  its  planes  of  freezing  are  perpeikdioular  to  the  height  of ' 
the  pillar.  I  set  the  column  of  ice,  L  (fig.  33),  upright  be- 
tween two  slaba  of  boxwood,  b  b',  and  place  the  whole  be- 
tween the  platea  of  a  small  hydraulic  press.    A  beam  from  an 
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electric  lamp  now  passes  through  the  ice ;  the  beam  having 
been  previously   sent  through   water  to  deprive   it  of  the 
power  of  melting  the  ice.*    The  light  of  the  lamp  now  passes 
through  the  substance  without  causing  fusion.     In  front  of 
the  press  is  placed  a  lens,  and  by  it  a  magnified  image  of  the 
ice  is  projected  upon  the  screen  before  you.    I  now  woik  the 
arm  of  the  press,  and  gently  squeeze  the  pillar  of  ioe  between 
the  two  slabs  of  boxwood.     Dark  streaks  soon  begin  to  drew 
themselves  across  the  substance,  at  right  angles  to  the  direc- 
tion of  pressure.     Right  in  the  middle  of  the  mass  they  are 
appearing ;  and,  as  the  pressure  continues,  the  old  streaks  ex- 
pand and  new  ones  are  developed.     The  entire  colunm  of  ice 
is  now  scarred  by  these  transverse  strise.     What  are  they  ? 
They  are  simply  liquid  layers  foreshortened,  and,  when  you 
examine  this  column  by  looking  into  it  obliquely,  you  see  the 
surfaces  of  the  layers.   We  have  thus  liquefied  the  ice  in  planes 
perpendicular  to  the  pressure,  and  these  liquid  planes  inter- 
spersed throughout  the  mass  give  it  this  laminated  appearancet 
(126)   Whether  as  a  solid,  a  liquid,  or  a  gas,  water  is  one 
of  the  most  wonderful  substances  in  Nature.     Let  us  consider 
it  a  little  further.    At  all  temperatures  above  32°  Fahr.  or  0**  C., 
the  motion  of  heat  is  sufficient  to  keep  the  molecules  of  wa- 
ter from  rigid  union.     But  at  0°  C,  the  motion  is  so  reduced 
that  the  molecules  then  begin  to  seize  upon  each  other,  aggre- 
gating to  a  solid.     This  union,  however,  is  a  union  according 
to  law.    To  many  persons  here  present  a  block  of  ice  may  seem 
of  no  more  interest  and  beauty  than  a  block  of  glass ;  but  in 
reality  it  bears  the  same  relation  to  glass  that  an  oratorio  of 
Handel  does  to  the  cries  of  a  market-place.     The  ioe  is  music, 
the  glass  is  noise ;  the  ice  is  order,  the  glass  is  confusion.    In 
the  glass,  molecular  forces  constitute  an  inextricably  entan- 
gled skein ;  in  the  ice  they  are  woven  to  a  symmetric  web, 
*^he  wonderful  texture  of  which  I  will  now  try  to  make  evident 
^o  you. 

*  The  "  sifting ''  of  a  caloriflo  beam  will  be  MLj  ezpUined  and  illoatratod 
*^  *  Bubsequont  Chapter. 
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(127)  How  shall  I  dissect  this  ice  ?  In  the  solar  beam — 
or,  flailing  that,  in  the  beam  of  our  electric  lamp — ^we  have  an 
anatomist  competent  to  perform  this  work.  I  will  remove  the 
agent  by  which  this  beam  was  purified  in  the  last  experiment, 
and  send  the  rays  direct  from  the  lamp  through  this  slab  of 
pellucid  ice.  It  wiU  take  the  ciystal  edifice  to  pieces  by  accu- 
rately reversing  the  order  of  its  architecture.  Silently  and 
symmetricaUy  the  crystallizing  force  built  the  molecules  up, 
nlently  and  symmetricaUy  the  electric  beam  wiU  take  them 
down.  A  plate  of  ice,  five  inches  square  and  an  inch  thick, 
is  now  in  front  of  the  electric  lamp,  the  rays  from  which  pass 
through  the  ice.  The  water  employed  in  our  last  experiment 
has  been  removed,  the  entire  beam  being  now  permitted  to 
impinge  upon  the  ice.  Compare  the  radiant  beam  before  it 
enters  the  ice  with  the  same  beam  after  its  passage  through 
the  substance :  to  the  eye  there  is  no  difference :  the  light  is 
not  sensibly  diminished.  Not  so  with  the  heat.  As  a  thermic 
agent,  the  beam,  before  entering,  is  far  more  powerful  than 
after  its  emergence.  A  portion  of  it  has  been  arrested  in  the 
ice,  and  that  portion  is  to  be  our  working  anatomist.  I  place 
a  lens  in  front  of  the  ice,  and  cast  a  magnified  image  of  the 
slab  upon  the  screen.  Observe  that  image  (fig.  34).  Here 
we  have  a  star,  and  there  a  star ;  and  as  the  action  continues, 
the  ice  appears  to  resolve  itself  into  stars,  each  one  possessing 
six  rays,  each  one  resembling  a  beautiful  flower  of  six  petals. 
When  the  lens  is  shifted  to  and  fro,  new  stars  are  brought 
into  view ;  and  as  the  action  continues,  the  edges  of  the 
petals  become  serrated,  and  spread  themselves  out  like  fern- 
leaves  upon  the  screen.  Probably  few  here  present  were 
aware  of  the  beauty  latent  in  a  block  of  common  ice.  And 
only  think  of  lavish  Nature  operating  thus  throughout  the 
world !  Every  atom  of  the  solid  ice  which  sheets  the  frozen 
lakes  of  the  North  has  been  fixed  according  to  this  law.  Na- 
ture "  lays  her  beams  in  music,"  and  it  is  the  function  of  sci- 
ence to  purify  our  organs,  so  as  to  enable  us  to  hear  the 
strain. 
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(128)  There  are  two  pmnts  ocmneoted  with  this  experi- 
ment, fk  gra^  Dnauteneaa^  bnt  of  great  interest  You  see 
ttese  flow«fs  by  tnnaButted  li^it — bj  the  light,  that  is,  whidi 
heap— edthrm^boHi the flowera and  the iee.  Bntwfaenyou 
ezamine  them  hj  allowii^  a  beam  to  be  reflected  from  them 
fa>  joor  e3re,  jou  find  in  the  oentre  of  eadi  flonrer  a,  spot  which 
diinea  with  the  lustra  of  bmnishiBd  silver.  You  mi^it  be  di^ 
posed  to  diink  &is  spot  a  bobble  of  ab ;  fant  yoa  can,  by  im- 
meraiog  it  in  hot  water,  melt  vtny  the  cuoumjaoent  ioe ;  the 
moment  the  tfpot  is  thns  laid  bare,  it  odlapses,  and  no  tiaoe 
of  a  boU^  is  to  be  seen,  Ths  ^ot  ia  a  vacuum.  Obeerre 
bow  tmlj  Nature  woarfcs  how  rigidly  she  oaniea  her  laws 
into  sD  her  operations,  We  know  ^lat  ice  in  melting  con- 
tracts, and  here  we  find  €tia  tact  making  its  appearance.  The 
water  of  these  flowers  cannot  quite  fill  the  space  of  the  ice  by 
the  fusion  of  which  they  are  produced ;  hence  a  vacuum  oeces- 
sarily  accompanies  the  formation  of  every  liquid  flower, 

(129)  When  these  beautiful  figures  were  first  observed, 
and  at  the  moment  when  the  central  spot  appeared,  like  a 
point  of  liffht  suddenly  formed  within  the  ice,  I  thought  I 
heard  a  clink,  as  if  the  ice  had  split  asunder  when  the  spot 
was  formed.  At  first  I  suspected  that  it  was  my  imagination 
which  associated  sound  with  the  appearance  of  the  spot,  as  it 
is  said  that  people  who  see  meteors  often  imagine  a  rushing 
noise  when  they  really  hear  none.  The  clink,  however,  was  a 
reality ;  and,  if  you  allow  me,  I  will  now  conduct  you  from 
this  trivial  feet  through  a  series  of  interesting  phenomena  to 
a  far-distant  question  of  practical  science. 

(130)  AU  water  holds  a  quantity  of  air  within  it  in  solu- 
tion ;  by  boiling  you  may  liberate  this  imprisoned  air.  On 
heating  a  flask  of  water,  sir-bubbles  are  seen  crowding  on  its 
sides,  long  before  it  boils,  rising  through  the  liquid  without 
condensation,  and  often  floating  on  the  top.  The  presence  of 
this  tur  in  the  water  promotes  the  ebullition  of  the  liquid.  It 
acts  as  a  kind  of  elastic  spring,  pushing  the  molecules  apart, 
and  thus  helping  them  to  take  the  gaseous  fonn. 


loe 
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(131)  When  this  antagonist  to  their  intimate  union  is  r^ 
moved,  the  molecules  look  themselves  together  in  a  far  tightw 
embrace.  The  cohesion  of  the  water  is  vastly  augmented  by 
the  removal  of  the  air.  Here  is  a  glass  vessel  which  oontains 
water  purged  of  air.  One  efiect  of  the  witfadnwal  of  tb^ 
elastic  bufier  Is,  that  the  water  foils  with  the  sound  of  a  solid 
body,  and  hence  this  instrument  is  called  the  water-hammer. 
You  hear  how  the  liquid  rings  against  the  end  of  the  tube, 
when  it  is  turned  upside  down.    This  other  tube,  A  B  c  (fig; 


35),  bent  into  the  form  of  a  V,  is  intended  to  show  how  the 
cohesion  of  the  water  is  affected  by  long<KX)ntinued  boiling. 
The  water  which  partially  Gila  the  bent  tube  is  firet  brongH 
into  one  arm  of  the  V-  And  now  I  tap  the  end  of  this  uo 
against  the  table.  You  hear,  at  first,  a  loose  and  jinglinff 
sound.  Afl  Jong  as  you  bear  that  jingle  the  water  is  not  b 
true  contact  with  the  interior  surface  of  the  tuba  As  the 
tapping  continues,  you  notice  an  alteration  in  (he  sound ;  the 
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jingling  has  now  disappeared,  the  impact  being  liaid,  like  that 
of  solid  against  solid.  I  now  faise  the  tube,  and  torn  the  ool- 
umn  of  water  upside  down,  but  there  it  stands  in  the  ann  a  bl 
Its  particles  ding  so  tenaciously  to  the  sides  of  the  tube,  and 
lock  themselves  so  firmly  together,  that  it  refuses  to  behave 
like  a  liquid  body;  it  declines  to' obey  the  law  of  gravity. 

(132)  So  much  for  the  augmentation  of  cohesion ;  but  this 
very  cohesion  enables  the  liquid  to  resist  ebullition.  Water 
thus  freed  of  its  air  can  be  raised  to  a  temperature  60^  or 
80"*  Fahr.,  abovc^its  ordinary  boiling-point,  wxdiout  ebullition. 
But  mark  what  takes  place  when  the  liquid  does  boiL  It  has 
an  enormous  excess  of  heat  stored  up ;  the  locked  atoms  final- 
ly part  company,  but  they  do  so  with  the  violence  of  a  spring 
which  suddenly  breaks  under  strong  tension,  and  ebullition  is 
converted  into  explosion.  To  M.  Donny,  of  Ghent,  we  are  in- 
debted for  the  discovery  of  this  interesting  property  of  water. 

(133)  Turn  we  now  to  our  ice :  Water  in  freezing  com* 
pletely  excludes  the  air  from  its  crystalline  architecture.  All 
foreign  bodies  are  squeezed  out  of  it,  and  ice  holds  no  air  in 
solution.  Supposing,  then,  that  we  melt  a  piece  of  pure  ice, 
under  conditions  where  air  cannot  approach  it,  we  should  have 
water  in  its  most  highly  cohesive  condition ;  and  such  water 
ought,  if  heated,  to  show  the  effects  mentioned.  Tliat  it  does 
so  has  been  proved  by  Faraday.  He  melted  ice  under  spirit 
of  turpentine,  and  found  that  the  liquid  thus  formed  could  be 
heated  far  beyond  its  boiling-point,  and  that  the  rupture  of  the 
liquid,  by  heating,  took  place  with  almost  explosive  violence. 
Let  us  apply  these  facts  to  the  six-petalled  ice-ilowers,  and 
their  little  central  star.  They  are  formed  in  a  place  where  no 
air  can  come.  Imagine  the  flower  forming,  and  gradually 
augmenting  in  size.  The  cohesion  of  the  liquid  is  so  great, 
that  it  will  pull  the  walls  of  its  chamber  together,  or  even  ex- 
pand its  own  volume,  sooner  than  give  way.  But,  as  its  size 
augments,  the  space  which  it  tries  to  occupy  becomes  too 
large  for  it,  until  finally  the  liquid  snaps  with  an  audible  clink, 
and  a  vacuum  is  formed. 
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(134)  Let  us  take  our  final  glance  at  this  web  of  relations. 
It  is  very  remarkable  that  a  great  number  of  locomotives  have 
exploded  on  quittiug  the  shed  where  they  had  remained  for  a 
time  quiescent,  and  just  as  the  engineer  turned  on  the  steam. 
Now,  if  a  locomotive  has  been  boiling  sufficiently  long  to  ex- 
pel the  air  contained  in  its  water,  tJhOt  liquid  will  possess,  in  a 
greater  or  less  degree,  the  high  cohesive  quality  to  which  I 
have  drawn  your  attention.  It  is  at  least  conoeiyable,  that 
while  resting,  previous  to  starting,  an  excess  of  heat  might  be 
thus  stored  up  in  the  boiler,  and,  if  stored  up,  the  certain  re- 
sult would  be,  that  the  mechanical  act  of  turning  on  the  steam 
would  produce  the  rupture  of  the  cohesion,  and  steam  of  ex- 
plosive force  would  instantly  be  generated.  I  do  not  say  that 
tins  U  the  case ;  but  who  can  say  it  is  rwt  the  case?  We 
have  been  dealing  throughout  with  a  real  agency,  which  is  cer- 
taily  competent,  if  its  power  be  invoked,  to  produce  the  effects 
which  have  been  ascribed  to  it. 

(135)  As  you  add  heat,  or  in  other  words,  motion,  to  water, 
the  particles  from  its  free  surface  fly  oflf  in  augmented  num- 
bers. You  at  length  approach  what  is  called  the  boiling-point 
of  the  liquid,  where  the  conversion  into  vapor  is  not  confined 
to  the  free  surface,  but  is  most  copious  at  the  bottom  of  the 
vessel  where  the  heat  is  applied.  When  water  boils  in  a  glass 
l)eaker,  the  steam  is  seen  rising  from  the  bottom  to  the  top, 
where  it  often  floats  for  a  time,  enclosed  above  by  a  dome- 
shaped  liquid  film.  To  produce  these  bubbles  certain  resist- 
ances must  be  overcome.  First,  we  have  the  adhesion  of  the 
water  to  the  vessel  which  contains  it,  and  this  force  varies  with 
the  substance  of  the  vessel.     In  the  case  of  a  glass  vessel,  for 

mple,  the  boiling-point  may  be  raised  two  or  three  degrees 

idhesion ;  while  in  metal  vessels  this  is  impossible.     The 

Bsion  is  often  overcome  by  fits  and  starts,  which  may  be  so 

Rented  by  the  introduction  of  certain  salts  into  the  liquid, 

*t  a  loud  bumping  sound  accompanies  the  ebullition ;  the 

.etachment  is  in  some  cases  so  sudden  and  violent  as  to  cause 

the  liquid  to  leap  bodily  out  of  the  vessel. 
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(136)  A  seoood  aatagonism  to  the  boiling  of  the  liquid  is 
the  atiractioo  of  the  liquid  partiGles  for  each  other ;  a  force 
whidi,  as  we  have  seen,  may  become  very  powerful  when  the 
liquid  is  purged  of  air.  Tids  is  not  only  true  of  water,  but  of 
other  liquidft — of  all  ethers  and  alcohols,  for  example.  If  we 
connect  a  small  flssk  containing  ether  or  alcohol  with  an  air- 
pump,  a  violent  ebullition  occurs  in  the  liquid  when  the  pump 
is  first  woiked ;  but  after  all  the  air  has  been  removed  from  the 
liquid,  we  may,  in  many  cases,  continue  to  work  the  pump 
without  producing  any  sensible  ebullition  ;  the  free  swchuse 
akxie  of  the  liquid  yielding  vapor. 

(137)  But  in  order  that  steam  should  exist  in  bubbles,  in 
the  interior  of  a  mass  of  liquid,  it  must  be  able  to  resist  two 
other  things — ^the  weight  of  the  water  above  it,  and  the  weight 
of  the  atmosphere  above  the  water.    What  the  atmosphere  is 
competent  to  do  may  be  thus  illustrated.    This  tin  vessel  con- 
tains a  little  water,  which  is  kept  boiling  by  this  small  lamp.  * 
At  the  present  moment  all  the  space  above  the  water  is  filled 
with  steam,  which  issues  from  this  stopcock.     I  shut  the  cock, 
withdraw  the  lamp,  and  pour  cold  water  upon  the  tin  vesseL 
The  steam  within  it  is  condensed,  the  elastic  cushion  which 
pushed  the  sides  outward  in  opposition  to  the  pressure  of  the 
atmosphere  is  withdrawn,  and  observe  the  consequence.     The 
sides  of  the  vessel  are  crushed  and  crumpled  up  by  the  atmos- 
pheric pressure.     This  pressure  amounts  to  15  lbs.  on  every 
square  inch :  how  then  can  a  thing  so  frail  as  a  bubble  of 
steam  exist  on  the  surface  of  boiling  water  ?     Simply  because 
the  elastic  force  of  the  steam  within  is  exactly  equal  to  that 
of  the  atmosphere  without ;  the  liquid  film  is  pressed  between 
two  elastic  cushions  which  exactly  neutralize  each  other.     If 
the  steam  were  predominant,  the  bubble  would  burst  from 
within   outward  ;    if  the  air  were  predominant,  the  bubble 
would  be  crushed  inward.     Here,  then,  we  have  the  true  defi- 
nition of  the  boiling-point  of  a  liquid.     It  is  that  temperature 
at  which  the  tension  of  its  vapor  exactly  balances  the  pressure 
of  the  atmosphere. 
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(138)  As  we  ascend  a  mountaiD,  the  pressure  of  the  at- 
mosphere above  us  diminishes,  and  the  boiling-point  is  o(»*- 
respondingly  lowered*  On  an  August  morning  in  1859  the 
temperature  of  boiling  water  on  the  summit  of  Mont  Blanc 
was  found  to  be  184.95®  F, ;  that  is,  about  twenty-seven  de- 
grees lower  than  the  boiling-point  at  the  sea-leveL  On  Au- 
gust 3,  1858,  the  temperature  of  boiling  water  on  the  summit 
of  the  Finsteraarhorn  was  187°  F.  On  August  10,  1858,  the 
boiling-point  on  the  summit  of  Monte  Rosa  was  184.92®  F. 
The  boiling-point  on  Monte  Rosa  is  shown  bj  these  observa- 
tions to  be  almost  the  same  as  it  was  foimd  to  be  on  Mont 
Blanc,  though  the  latter  exceeds  the  former  in  height  by  500 
feet.  The  fluctuations  of  the  barometer  are,  however,  quite 
sufficient  to  account  for  this  anomaly.  The  lowering  of  the 
boiling-point  is  about  1®  F.  for  every  590  feet  of  elevation ; 
and  from  the  temperature  at  which  water  boils,  we  may  ap- 
proximately infer  the  height.  It  is  said  that  to  make  good 
tea,  in  London,  boiling  water  is  essential ;  if  this  be  so,  it  is 
evident  that  the  beverage  cannot  be  procured,  in  all  its  exoel- 
lence,  at  the  higher  stations  of  the  Alps. 

(139)  Our  next  experiment  will  illustrate  the  dependence 
of  the  boiling-point  on  external  pressure.     This  flask,  f  (fig. 
36),  contains  water ;  wliile  from  this  second  and  much  larger 
one,  G,  the  air  has  been  removed  by  an  air-pump.     The  two 
flasks  are  connected  together  by  a  system  of  cocks,  which 
enables  me  to  establish  a  communication  between  them.     The 
water  in  the  small  flask  has  been  kept  boiling  for  some  time,  the 
steam  generated  escaping  from  the  cock  y.     I  now  remove 
the  spirit-lamp,  and  turn  this  cock,  so  as  to  shut  out  the  air. 
The  water  ceases  to  boil,  and  pure  steam  now  fills  the  flask 
above  it.     We  will  give  the  water  time  to  cool  a  little.    At 
intervals  you  see  a  bubble  of  steam  rising,  because  the  press- 
ure  of  the  vapor  above  is  gradually  becoming  less  through  its 
own  slow  condensation.     I  hasten  the  condensation  by  pour- 
ing cold  water  on  the  flask ;  the  bubbles  are  more  copiously 
generated.     By  plunging  the  flask  bodily  into  cold  water  we 
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iato  tbe  exhausted  vessel  a;  the  moment  the  pressure  is  di- 
nhushed  ebullition  begins  in  r ;  and  observe  hov  tbe  con* 
densed  steain  showers  in  a  kind  of  rain  against  the  sides  of 
the  vessel  q.  By  keeping  the  vessel  a  cool,  and  thereby  pre- 
venting the  vapor  in  it  from  reacting  upon  the  surface  of  the 
water  in  r,  we  can  keep  the  smaD  flask  bubbling  and  boiling 
for  a  ctmuderable  time. 

(140)  Through  high  heating,  the  elastic  force  of  steain 
may  be  rendered  eoormoas.      The  Marquis  of   Worcester 
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burst  cannon  with  it,  and  our  calamitous  boiler-explosions 
are  so  many  illustrations  of  its  power.  By  the  skill  of  man 
this  mighty  agent  has  been  controlled :  by  it,  Denis  Papin 
raised  a  piston,  which  was  pressed  down  again  by  the  atmos- 
phere, when  the  steam  was  condensed ;  Savery  and  Newoomen 
turned  it  to  practical  account,  and  James  Watt  completed  this 
grand  application  of  tlie  moving  power  of  heat.  Pushing  the 
piston  up  by  steam,  while  the  space  above  the  piston  is  in 
communication  with  a  condenser  or  with  the  free  air,  and 
again  pushing  down  the  piston,  while  the  space  below  it  is  in 
comnnniication  with  a  condenser  or  with  the  air,  we  obtain  a 
simple  to-and-fro  motion,  which,  by  mechanical  arrangements, 
may  be  made  to  take  any  form  we  please. 

(140  a)  But  the  principle  of  the  conservation  of  force  is 
illustrated  here  as  elsewhere.  For  every  stroke  of  work  done 
by  the  steam-engine,  for  every  weight  that  it  lifts,  and  for 
every  wheel  that  it  sets  in  motion,  an  equivalent  quantity  of 
heat  disappears.  A  ton  of  coal  furnishes,  by  its  combustion, 
a  certain  definite  amount  of  heat.  Let  this  quantity  of  coal 
be  applied  to  a  working  steam-engine ;  and  let  all  the  heat 
communicated  to  the  machine  and  the  condenser,  and  all  the 
heat  lost  by  radiation  and  by  contact  with  the  air,  be  collected; 
it  will  fall  short  of  the  quantity  produced  by  the  simple  com- 
bustion of  the  ton  of  coal,  by  an  amoimt  exactly  equivalent 
to  the  work  performed.  Suppose  that  work  to  consist  in  lift- 
ing a  weight  of  7,720  lbs.  a  foot  high ;  the  heat  produced  by 
the  coal  would  fall  short  of  its  maximum  by  a  quantity  just 
sufficient  to  warm  a  pound  of  water  10°  F.  In  an  elaborate 
series  of  experiments,  executed  with  extraordinary  assiduity 
and  on  a  grand  scale  by  M.  Him,  the  civil  engineer  at  Colmar, 
this  theoretic  deduction  has  been  reduced  to  fact. 

(140  b)  In  the  steam-engine  employed  by  M.  Him,  the 
steam  left  the  boiler  and  entered  the  cylinder  at  a  tempera- 
ture of  146°  G.  The  temperature  of  his  condenser  was  34  C. 
The  steam  was  worked  expansively ;  that  is  to  say,  it  was 
porniitted  to  enter  the  cvlinder  and  exert  its  full  pressure 
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until  the  piston  wu  xftised  throngh  a  oertun  fraction  of  its 
lange.  Tlie  steam  was  then  cut  ofl^  the  piston  being  urged 
through  the  xemalnder  of  its  oourse  hf  the  expansive  force  of 
the  steam  already  in  the  cylinder. 

(140  e)  In  this  case  the  space  above  the  piston  was  con- 
nected with  the  condenser;  and.  If  the  expansion  were  per- 
fect^ the  vapor  underneath  the  piston,  at  the  moment  it  reached 
the  highest  point  of  its  coune,  would  have  the  pressure  due 
to  the  temperature  of  the  condenser.  Now,  supposing  the 
expansion  to  be  thus  perfect,  and  that  the  expanded  vapor  all 
remains  in  the  state  of  vapor;  the  experiments  of  M.  Re- 
gnault  enable  us  to  calcuhtte  the  firaction  of  the  total  heat 
which  is  converted  into  work.  We  find,  according  to  these 
calculations,  and  not  without  a  feeling  of  astonishment  at  its 
smallness,  that  in  the  experiments  of  M.  Him,  the  heat  con- 
verted into  woric  ought  not  to  amount  to  -^th  of  the  whole. 

(140  d)  But  as  a  matter  of  fact  M.  Him  found  that  ^th  of 
the  heat  borrowed  from  the  steam  in  the  boiler  was  converted 
into  mechanical  e£fcct.  Thus  actual  experiment  was  at  vari- 
ance with  calculation.  A  theoretic  conclusion  arrived  at  in- 
dependently first  by  Mr.  Rankine,  and  immediately  afterward 
by  M.  Clausius,  two  of  the  founders  of  the  mechanical  theory 
of  heat,  reveals  the  cause  of  this  discrepancy.  In  calculating 
the  heat  possessed  by  the  vapor,  as  it  enters  the  condenser,  it 
was  assumed  that  the  whole  of  the  vapor  borrowed  from  the 
boiler  remained  during  its  expansion  in  the  vaporous  condi- 
tion. This  Mr.  Rankine  and  M.  Clausius  proved  that  it  could 
not  do.  They  showed  that  when  saturated  steam  expands,  as 
in  M.  Him's  experiments,  it  is  in  part  precipitated,  thus  yield- 
ing up  a  portion  of  the  heat  of  vaporization.  Indeed,  before 
any  thing  correct  was  known  about  its  cause,  mechanical  en- 
gineers met  the  nuisance  arising  from  the  water  of  condensa- 
tion by  surrounding  the  cylinder  with  a  jacket  of  hot  steam 
from  the  boiler.  The  mixture  of  vapor  and  liquid  entering 
the  condenser,  after  the  expansion,  would  thus  possess  less 
heat  than  if  it  were  all  vapor ;  and  hence  it  is  that  a  greater 
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amount  of  heat  than  that  g^ven  by  calculation  is  converted 
into  work.  I  inay  add  that  the  precipitation  of  the  Bteam 
during  its  expansion  was  demonstrated  experimentally  bj  BL 
Him. 

(140  e)  But  even  12^  per  cent,  of  the  total  heat  implies 
enonnous  loss.  Nor  is  this  loss  to  be  avoided  in  the  steam- 
engine.  For  the  amount  of  heat  converted  into  work  depends 
upon  two  tilings,  the  temperature  of  the  steam  as  it  enten 
the  cylinder  and  its  temperature  as  it  enters  the  oondenser. 
The  farther  the  initial  and  the  final  temperatures  are  apart, 
the  greater  is  the  amount  of  heat  converted  into  woA ;  but 
to  convert  all  the  heat  into  work  a  condenser  kept  at  the  ab- 
solute zero  of  temperature  would  be  required.* 

(141)  My  object,  however,  at  present  is  to  deal  with  Nsr 
ture  rather  than  art,  and  I  am  compelled  to  pass  quickly  over 
the  triumphs  of  man's  skill  in  the  application  of  steam  to  the 
purposes  of  life.  Those  who  have  walked  tlirough  the  work- 
shops of  Woolwich,  or  through  any  of  our  great  factories 
where  machinery  is  extensively  employed,  will  have  been  suf- 
ficiently impressed  with  the  aid  which  the  mighty  power  of 
heat  renders  to  man.  Let  it  be  remembered  that  every  whed 
which  revolves,  every  chisel,  and  plane,  and  punch,  whidi 
passes  through  solid  iron  as  if  it  were  so  much  cheese,  derives 
its  moving  energy  from  the  clashing  atoms  in  the  fumsce. 
The  motion  of  these  atoms  is  communicated  to  the  boiler, 
thence  to  the  water,  whose  particles  are  shaken  asunder,  and 
fly  from  each  other  with  a  repellent  energy  commensurate  with 
the  heat  communicated.  The  steam  is  simply  the  apparatus, 
through  the  intermediation  of  which  the  atomic  motion  is  con- 
verted into  the  mechanical  motion.     And  the  motion  thus  gen- 

*  Tho  dhmluU  Umperaiure  of  a  body  is  its  temperature  reckoned  from  the 
absolute  zero  (explained  in  %  96).  Thus  the  temperature  of  mcltiii^  ice 
reckoned  fh>m  this  point  is  273*  C.  Let  t  represent  the  initial  temperature  of 
the  steam,  and  t  its  final  tempernture,  both  reckoned  from  the  absohtte  wro; 
then  the  proportion  of  the  total  heat  converted  into  work  cannot  under  tbt 

most  favorable  conditions  exceed  tho  fraction 
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crated  oaa  reprodnoe  ite  pueni.  Look  at  the  planing^toolB ; 
kwk  at  tlie  boring  instmsienta — stoeama  of  water  gush  over 
dieiii  to  keep  them  oooL  TUoe  up  the  ourled  iron  shayiDga 
nhich  the  planing  tool  haa  pared  off;  you  cannot  hold  them 
ior  joor  hand,  they  are  so  hot.  Here  tiie  moving  force  ia  re- 
ilQfed  to  its  first  ftMrm ;  the  emtergj  of  the  machine  haa  been 
aonamniwi  in  reproduoiiig  the  power  from  whidi  that  energy 


(14S)  ImoBt  now  direct  yonrattention  to  a  natural  Bteam- 
c^gine^  which  long  held  a  {dace  among  the  wonders  of  the 
worid — the  Great  Geyaer  of  Toehmd,  The  smrfiMO  of  Iceland 
gradually  rises  from  the  coast  toward  the  centre,  where  the 
general  level  ia  about  d,0(X>  feet  above  the  sea.  On  this,  as 
on  a  pedestal,  sie  planted  the  JGkull,  or  icy  mountains  of  the 
idaady  which  extend  both  ways  in  a  northeasterly  direction. 
Along  this  chain  also  occur  the  active  volcanoes  of  Iceland, 
and  the  thermal  springs  follow  the  same  general  direction. 
£Vom  the  ridges  and  chasms  which  diverge  from  the  mountains 
aionnous  masses  of  steam  issue  at  intervals,  hissing  and  roai> 
iog ;  and,  when  the  escape  occurs  at  the  mouth  of  a  cavern, 
the  resonance  of  the  cave  often  raises  the  sound  to  the  loud- 
ness of  thunder.  Lower  down,  in  the  more  porous  strata,  we 
have  smoking  mud-pools,  where  a  repulsive  blue-black  alu- 
minous paste  is  boiled,  rising  at  times  in  huge  bubbles,  which, 
on  bursting,  scatter  their  slimy  spray  to  a  height  of  fifteen  or 
twenty  feet.  From  the  base  of  the  hills  upward  extend  the 
glaciers,  and  above  these  are  the  snow-fields  which  crown  the 
summits.  From  the  arches  and  fissures  of  the  glaciers,  vast 
masses  of  water  issue,  falling  at  times  in  cascades  over  walls 
of  ice,  and  spreading  for  miles  over  the  countiy  before  they 
find  definite  outlet.  Extensive  morasses  are  thus  formed.  In- 
tercepted by  the  cracks  and  fissinres  of  the  land,  a  portion  of 
the  water  finds  its  way  to  the  heated  rocks  beneath ;  and 
here,  meeting  with  the  volcanic  gases  which  traverse  these 
undeiground  regions,  both  travel  on  together,  to  issue,  at  the 
first  convenient  opportunity,  either  as  an  eruption  of  steam  or 
a  boiling  spring. 


A    . 
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'^^     "i^--^  ""••*:  f!i=-:u5  oi  i&ese  springs  is  tlie  Great  Gey- 
?*rr.     Il    •:,'!'>:?  •:  a  luS?,  seven  Ev-f«.iur  feet  fjeep,  and  ten 
-'•^ "  "---    i^'  -:--T.     T>?  ;--l«e  is  surmounted  by  a  basin,  whidi 
r..    -?->>  :r  --  rr  rth  :o  s-i-cth  f:tj-twr*  ft*et  across,  and  from 
•-A-:  :.:•  wr-?:  s:\tr  fr-et.     The  iriierior  of  the  tube  and  basin  b 
•  :i:-3  ■»!:'-  a  S-autifoI  sn»:.th  siiiot*ous  plaster,  so  bard  as  to 
r>:-:  :"r.-?  V.  w>  nf  a  hammer:  and  the  first  qiiestion  is,  How 
ir.i-  :>.i-  V.    :  :  -rt-I  tuV*  .T^nsiruoted — bow  was  this  perfect 
r".  isv-r  l.iii  in:      Cbri'mi'.^I  analysis  sbuws  that  the  water 
?.'.'*<:*.::•.::.  s  *ut:on,  an«.i  it  might  therefore  be  conjectured 
t'.j:  :'"•■  ivAt^r  hail  d'-j->si:e«l  this  silica  against  the  sides  of 
::.■■  vjV-  ;-.:. :  li:isiiL     Bu:  such  is  not  the  case:  the  water  de» 
]-  -!:>  ii  ■  <'.-»i:r:x'nt ;  r.o  matter  how  loner  it  may  be  kept,  no 
s  '.:-3  s'.jl-T.ir.^e  is  s<- para  ted  from  it.     It  may  be  bottled  up 
ar.'l  p!>  >t  rv'fl  for  years,  as  clear  as  crystal,  without  showing 
t:]»»  >':iy:.:»s!  t»  :i«K-n?y  to  form  a  preci]  itate.     To  answer  the 
;.i>>!i'.ii  i:.  tiiis  w:iv  w.-uUl  monx^ver  assume  that  the  shaft 
\i;i-  :"  r:n»l  l-y  s*'m«*  fi-reiim  act.iioy,  the  water  mert?ly  lining 
it.     lilt'  :r<ys«T-l'a5iii,  h«»wever,  n^sis  upon  the  summit  ofi 
i:    \i\id  ii:)"Ut  f«.»rtv  U»et  iiiirh,  and  it  is  evident,  from  mere  in- 
ST»  ■  ti 'ii,  that   the  mc»und  has  l)een  deposited  by  the  geyser. 
13-:t  in  hr.ilding  up  this  mound  the  spring  must  have  formed 
thi'  nib*.*  which  perfoniies  the  mound,  and  hence  the  conclusion 
thrtt  thf  LH^vser  is  the  architect  of  its  own  tube. 

(144)  If  we  place  a  quantity  of  the  geyser  water  in  an 
evMp»rati!ig  hasin,  the  following  takes  place:  In  the  centre  of 
tlu'  has  in  tlie  liquid  deposits  nothing,  but  at  the  sides,  where 
it  is  drawn  up  by  capillar^'  attraction,  and  thus  subjected  to 
sppodv  evaporation,  we  find  silica  deposited.  Round  the  edge 
a  ring  of  silica  is  laid  on,  and  not  until  the  evaporation  has 
continued  a  considerable  time  do  we  find  the  slightest  turbidity 
in  the  middle  of  the  water.  Tliis  experiment  is  the  micro- 
spofjic  n^jiresentant  of  what  occurs  in  Iceland.  Imagine  tlie 
case  of  a  simple  thermal  siliceous  spring,  whose  waters  triAle 
down  a  gentle  incline;  the  water  thus  exposed  evaporates,  and 
silica  is  dejK^sited.     ITiis  deposit  gradually  elevates  the  sidfl 
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over  which  the  water  passes,  until,  finallj',  the  latter  has  to 
take  another  course.  The  same'  takes  place  here,  the  ground 
is  elevated  as  before,  and  the  spring  has  to  move  forward. 
Thus  it  is  compelled  to  travel  round  and  round,  depositing  its 
ulica  and  deepening  the  shaft  in  which  it  dwells,  imtil  finally, 
in  the  course  of  .ages,  the  simple  spring  has  produced  that 
wonderful  apparatus  which  has  so  long  puzzled  and  astonished 
both  tlie  tourist  and  the  philosopher. 

(145)  Previous  to  an  eruption,  both  the  tube  and  basin  are 
filled  with  hot  water ;  detonations  which  shake  the  groimd  are 
heard  at  intervals,  and  each  is  succeeded  by  a  violent  agi- 
tation of  the  water  in  the  basin.  The  water  in  the  pipe 
is  lifted  up,  forms  an  eminence  in  the  middle  of  the  basin, 
and  an  overflow  is  the  consequence.  These  detonations  ure 
evidently  due  to  the  production  of  steam  in  the  ducts  wliich 
feed  the  geyser-tube,  which  steam,  escaping  into  the  cooler 
water  of  the  tube,  is  there  suddenly  condensed,  and  produces 
the  explosions.  Professor  Bunsen  sucxjceded  in  determinin<r 
the  tem|>erature  of  the  geyser-tube,  from  top  to  bottom,  a  few 
minutes  before  a  great  eruption ;  and  these  observations  re- 
vealed the  extraordinary  fact,  that  at  no  part  of  the  tube  did 
the  water  reach  its  boiling-point.  In  the  annexed  sketch 
(iig,  37)  I  have  given,  on  one  side,  the  temperatures  actually 
observed,  and  ou  the  other  side  the  temperatures  at  which 
water  would  boil,  tjiking  into  account  both  the  pressure  of  the 
atmosphere  and  of  the  superincumbent  column  of  water.  The 
nearest  approach  to  tlie  boiling-point  is  at  A,  thirty  fe(;t  from 
the  bottom;  but  even  here  the  water  is  2°  Centifrrade,  or 
more  than  3J°  Fahr.,  below  the  temperature  at  which  it  could 
boil.  How,  then,  is  it  possible  that  an  eruption  could  occur 
under  such  circumstances  ? 

(146)  Fix  your  attention  upon  the  water  at  the  point  a, 
where  the  temperature  is  within  2°  C.  of  the  boiling-point. 
Call  to  mind  the  lifting  of  the  column  when  the  detonations 
are  heard.  Let  us  suppose  that,  by  the  entrance  of  steam 
from  the  ducts  near  the  bottom  of  the  tube,  the  geyser-col  unm 
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is  elevated  six  feet»  a  height  quite  within  the  limits  of  ; 
observation ;  the  water  at  a  ia  thereby  transferred  to  b 
boiling-point  at  a  is  123*8'',  and  its  actual  temperature  li 


fto.  87. 
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but  at  B  its  boiling-point  is  only  120*8^;  hence,  when 
fcrred  from  a  to  b,  the  heat  which  it  possesses  is  in  exa 
that  necessary  to  make  it  boiL     This  excess  of  heat  is  in 
\y  applied  to  the  generation  of  steam:  the  colimm  is 
higher,  and  the  water  below  is  further  relieved.     More 
is  generated ;  from  the  middle  downward  the  mass  sud 
»ursts  into  ebullition ;  the  water  above,  mixed  with  e 
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Fio.  89. 


clouds,  is  projected  iuto  bhe  atmosphere,  and  we  have  the 
geyser  eruption  in  all  its  grandeur. 

(147)  By  its  contact  with  the  air  the  water  is  cooled,  fiaUs 
back  into  the  basin,  partially  refills  the  tube,  in  which  it 
gradually  rises,  and  finally  fills  the  basin  as  before.  Detona- 
tions are  heard  at  intervals,  and  risings  of  the  water  in  the 
basin.  These  are  so  many  futile  attempts  at  an  eruption,  for 
not  until  the  water  in  the  tube  comes  sufficiently  near  its 
boiling  temperature  to  make  the  lifting  of  the  column  effec- 
tive, can  we  have  a  true  eruption. 

(148)  To  the  celebrated  Bunsen  we  owe  this  beautiiiil 
theory,  and  now  let  us  try  to  justify  it  by  experiment :  Here 
is  a  tube  of  galvanized  iron,  six  feet  long,  a  b  (fig.  38),  sui^ 

mounted  by  a  basin,  c  d.     It  is  heated 
by  a  fire  underneath ;  and,  to  imitate  as 
far  as  possible  the  condition  of  the  gey- 
ser, the  tube  is  encircled  by  a  second 
fire,  F,  at  a  height  of  two  feet  from  the 
bottom.     Doubtless  the  high  tempenk 
ture  of  the  water,  at  the  corresponding 
part  of  the  geyser-tube,  is  due  to  the 
local  action  of  the  heated  rocks.    The 
tube  is  filled  with  water,  which  gnui- 
ually  becomes   heated;   and  regularij, 
every  five  minutes,  the  liquid  is  ejected 
into  the  atmosphere. 

(149)  There  is  another  famous  spring 
in  Iceland,  called  the  Strokkur,  which  is 
usually  forced  to  explode  by  stopping 
its  mouth  with  clods.     We  can  imitate 
the  action  of  this  spring  by  thus  stop- 
ping the  mouth  of  our  tube  a  b  with  t 
cork.    And  now  the  heating  progresses. 
Tlic  steam  below  will  finally  attain  sufficient  tension  to  eject 
the  cork,  and  the  water,  suddenly  relieved  from  the  pressure, 
will  burst  forth  in  the  atmosphere.     Tlie  ceiling  of  this  room 
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CHAPTER   V. 

^FPLICATIOX  or  nu  DTXAMIQAL  VOBOBT  TO  THE  TWOHMEMA  09  trSOmO  AID  U10* 

■SAT— DKrarmoii  or  BxsaaT:  roTBxnAL  ajco  dtxamio  smoMT— anawT  or  ■»• 
LKcuLAi  POKcas— ExriBDfsirrAL  iLLrsntATioxs  or  sPBOino  An>  LATBMT  nu»- 

MBCHAXICAL  XALCMB   OF   TBB  ACTC   Or  COMBIXATIOir,  OOlTOBimAinW,  AMD  OOBMU* 

Tio»  E«  rum  CA8X  or  watm    aoi  n>  CAmaoino  Aaa>— «d  cPBiBomAL  itAim  or 
uociDS— rLOATnco  or  a  sphsboid  ok  ns  owir  tapob— mBDro  or  waxb  ao 

MSBCUBT  m  A  KXD-BOT  CKUaSLB. 

(152)  TTTHENEVER  a  difficult  expeditkm  is  undertakeo 
V  V  in  the  Alps,  the  experienced  mountaineer  cam- 
mences  the  day  at  a  slow  pace,  so  that  when  the  real  hour  of 
trial  arrives,  he  may  find  himself  hardened  instead  of  ex- 
hausted by  his  previous  work.  We,  to-day,  are  about  to  enter 
ou  a  difficult  enterprise.  Let  us  commence  it  in  the  same 
spirit ;  not  with  a  flush  of  enthusiasm,  which  labor  will  extiih 
guish,  but  witli  patient  and  determined  hearts,  which  will  not 
recoil  should  a  difficulty  arise. 

(153)  This  lead  weight,  you  observe,  is  attached  to  a  string 
which  passes  over  a  pulley  at  the  top  of  the  room.  We 
know  that  the  earth  and  the  weight  are  mutually  attractive; 
the  weight  now  rests  u{)on  the  earth,  and  exerts  a  oertain 
pressure  upon  its  surface.  The  earth  and  the  weight  here  touch 
each  other  ;  their  mutual  attractions  are  as  far  as  possible 
satisfied,  and  motioji^  by  their  mutual  approach,  is  no  longer 
possible.  As  far  as  the  attraction  of  gravity  is  concerned, 
the  possibility  of  producing  motion  ceases,  as  soon  as  the  two 
attracting  bodies  are  actually  in  contact. 

(154)  I  draw  up  this  weight  It  is  now  suspended  at  a 
height  of  sixteen  feet  above  the  floor,  wher6  it  remains  just  as 
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motionless  as  when  it  rested  on  the  floor ;  but,  by  introducing 
a  space  between  the  floor  and  it,  I  entirely  change  the  condi- 
tion of  the  weight.  By  raising  it,  I  have  conferred  upon  it  a 
motion-producing  power.  There  is  now  an  action  possible  to 
the  weight,  which  was  not  possible  when  it  rested  upon  tlie 
earth ;  it  can  fM^  and,  in  its  descent,  can  turn  a  machine,  or 
perform  other  work.  Let  us  employ  the  useful  and  appropri- 
ate term  energy  to  denote  the  power  of  performing  work ;  we 
might  then  fairly  use  the  term  possible  energy^  to  express  the 
power  of  motion,  which  out  drawn-up  weight  possesses,  but 
which  has  not  yet  been  exercised  by  idling ;  or  we  might  call 
it  **  potential  energy,"  as  some  eminent  men  have  already  done. 
This  potential  energy  is  derived,  in  the  case  before  us,  from 
the  pull  of  gravity,  which  pull,  however,  has  not  yet  resulted 
in  motion.  But  I  now  let  the  string  go ;  the  weight  falls,  and 
reaches  the  earth's  surface  with  a  velocity  of  thirty-two  feet  a 
second.  At  every  moment  of  its  descent  it  was  pulled  down 
by  gravity,  and  its  final  moving  force  is  the  summation  of  the 
pulls.  Wliile  iu  the  act  of  falling,  the  energy  of  the  weight  is 
active.  It  may  be  called  actual  energy,  in  antithesis  to  pos- 
sible ;  or  it  may  be  called  dynamic  energy,  in  antithesis  to 
jyotential,  or  we  miglit  call  the  energy  with  which  the  weight 
descends  rnovin(j  forre.  The  great  thing,  now,  is  to  be  able  to 
distinguish  energy  in  store  from  energy  in  action.  Once  for  all, 
then,  let  us  t,'ike  the  ternLs  of  Mr,  Rankine,  and  call  the  energy 
in  store  "potential,''  and  the  energy  in  action  "actual."*  If, 
after  this,  I  should  use  the  terms  "possible  energy,"  or  "dy- 
namic energy,"  or  "moving  force,"  you  will  have  no  diflTiculty 
in  affixing  the  exact  idea  to  these  terms. 

(155)  Our  weight  started  from  a  height  of  sixteen  feet ;  let 
us  fix  our  attention  upon  it,  after  it  has  accomplished  the  first 
foot  of  its  fall.  The  total  pull,  if  I  may  use  the  term,  to  1).» 
expendeJ  on  it,  has  been  then  diminished  by  the  amount  cx- 

•  Helmlioltz,  in  his  admirable  memoir  on  "  Die  Erhaltunsf  der  Kraft  " 
(1947),  divided  all  energy  into  tension  and  vis  civa.  (Spaniikrufle  und  Lebon- 
dig-9  Krifte.) 
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r«f- ir-i  i-  :i*  L^LSfrii^  th.-vu^h  ihe  first  foot.  At  the  height 
c:  £f:etr=.  :Vri  i:  bji«  cue  &.oc  less  cf  potential  energy  than  it 
r«  -sseseoi  IX  iLe  Lt-iiit  cf  sixiet-n  feet,  but  at  the  height  of 
£:ic*?z  :e^:  it  has  an  equivalent  amount  of  drnamic  or  actual 
^r.rrjn^,  whicfl,  if  reveraed  in  direction,  would  raise  it  again  to 
i:*  prlniUTe  hei^t.  Hecce,  as  potential  energy  disappears, 
xr.:^.  enr^nry  comes  into  plaj.  Throwjhoui  the  univene^  the 
t  .•  *  --y  f.VAf  f^?  fn^ryt^f  i«  cyh^ant.  To  create  or  annihikte 
e:.vr^  i<  a5  imp^je^ible  as  to  create  or  annihilate  matter;  and 
all  the  pbenociena  of  the  material  universe  consist  in  trans- 
fer::: a:  i*.  ns  of  energy  alone.  The  principle  here  enunciated  is 
cjlle\i  the  law  of  the  confierration  of  energy, 

tlo6i  It  b  as  ye:  too  eariy  to  refer  to  organic  processes, 
but  cou!  J  we  have  observed  the  molecular  condition  of  my  arm 
as  I  ^Irew  up  that  wt-i^t,  ic  would  have  been  seen  that  in  ac- 
ov^mj.Iishinar  this  mechanical  act,  an  equivalent  amount  of  some 
cibor  form  of  oneriry  w;is  consumeil.  That  energy,  we  shall 
aftorwar^i  learn,  is  ho.iL  It  the  weight  were  raised  by  a  steam- 
en  ::ir.«\  a  j>.«rtion  I'f  heat  would  also  disappear,  exactly  equiva- 
It'.ii  to  the  work  d»»no.  Tlie  weight  is  about  a  pound,  and  to 
r::;<e  it  sixteen  feet  would  consume  as  much  heat  as  would 
r.ii?!^  the  temperature  of  a  cubic  foot  of  air  about  1**  F.  Con- 
versely, this  quantity  of  heat  would  be  generated  by  the  Call- 
ing of  the  weight  fn^in  a  height  of  sixteen  feet. 

(157)  It  is  easy  to  see  that,  if  the  force  of  gravity  were 
immensely  greater  than  it  is,  an  immensely  grcjater  amoimt 
of  heat  would  havi*  to  be  exix*ndeil,  in  raising  the  weight 
The  greater  the  attraction,  the  greater  would  be  the  amount 
of  heat  necessary  to  overcome  it ;  but  conversely,  the  greater 
would  be  the  amount  of  heat  which  a  falling  body  would  then 
develop  by  its  collision  Avith  the  earth. 

(158)  We  must  turn  these  conceptions,  regarding  sensible 
masses,  to  account,  in  forming  conceptions  regarding  insensi- 
ble masses.  As  an  intellectual  act,  it  is  quite  as  easy  to  con- 
ceive the  separation  of  two  mutually-attracting  aioms^  as  to 
conceive  the  separation  of  the  earth  and  weight.     We  have 
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kly  hid  oocasion  to  lefer  to  the  intensitjr  of  molecular 
!S^  and  here  we  nraat  letum  to  the  subject  CHosely 
d  together  as  fhej  are,  the  atoms  of  bodies^  though  we 
ot  suppose  them  to  be  in  contact^  exert  enormous  attrao- 
.  It  would  require  an  ahnost  incredible  amount  of  ordi- 
medianioal  fiiroe  to  widen  the  distances  intervening  be- 
a  the  atoms  of  any  solid  or  liquid,  so  as  to  increase  its 
ae  in  any  sensible  degree.  It  would  also  require  a  fixrce 
Hit  magnitude  to  squeease  the  particles  <^  a  liquid  or  solid 
iher,  so  as  to  make  the  body  sensibly  less  in  siaa  I 
vainly  tried  to  augment  permanently  the  density  of  a 
metal  by  pressure.  Water,  which  yidds  so  freely  to  the 
plunged  in  it,  was  for  a  long  time  regarded  as  absolutely 
ipressible.  Ghreat  force  was  brought  to  bear  upon  it; 
sooner  than  shrink,  it  oozed  through  the  pores  of  the 
I  vessel  which  contained  it,  and  spread  like  a  dew  on  the 
3e.*  By  refined  and  powerful  means  we  can  now  com- 
water,  but  the  force  necessary  to  accomplish  this  is  very 
When,  therefore,  we  wish  to  overcome  molecular 

have  to  thank  my  friend  Mr.  Spodding  for  the  following  extract  in 
loe  to  this  experiment : 

Tow  it  18  certain  that  rarer  bodies  (such  as  air)  allow  a  considerable  de- 
r  contraction,  as  has  been  stated ;  but  that  tangible  bodies  (snch  as  wa- 
ITer  compression  with  much  greater  dif&culty  and  to  a  less  extent.  How 
37  do  suffer  it,  I  have  investigated,  In  the  following  experiment :  I  had 
}w  globe  of  lead  made  capable  of  holding  about  two  pints,  and  suffl- 
r  thick  to  bear  considerable  force ;  having  made  a  hole  in  it,  I  filled  it 
rater,  and  then  stopped  up  the  hole  with  melted  lead,  so  that  the  globe 
•  quite  solid.  I  then  fattened  the  two  opposite  sides  of  the  globe  with 
rj  hammer,  by  which  the  water  was  necessarily  contracted  into  less 
a  sphere  being  the  figure  of  largest  capacity ;  and,  when  the  hammer^ 
id  no  more  effect  in  making  the  water  shrink,  I  made  use  of  a  mill  or 

till  the  water,  impatient  of  fUrther  pressure,  exuded  through  the  solid 
ke  a  fine  dew.  I  then  computed  the  space  lost  by  the  compression,  and 
ded  that  this  was  the  extent  of  compression  which  the  water  had  suf- 
but  only  when  constrained  by  great  violence."  (Bacon's  "  Novum  Or- 
i,"  published  in  1620 ;  vol.  iv.  p.  209  of  the  translation.)  Note  by  B. 
Ellis,  vol.  i.  p.  824 :  "  This  is  perhaps  the  most  remarkable  of  Baoon'a 
ments,  and  it  is  singular  that  it  was  so  little  spoken  of  by  subsequent 
B.    Nearly  fifty  years  after  the  production  ot  the  *  Novum  Organum,* 
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forces,  we  must  attack  them  by  their  peers. .  Heat  acoom- 
plishes  what  mechanical  energy,  as  generally  wielded,  is  in- 
competent to  perform.  Bodies,  when  heated,  expand,  and  to 
effect  this  expansion  their  molecular  attractions  must  be  over- 
come ;  and,  where  the  attractions  to  be  surrounded  are  so  vast, 
we  may  infer  that  the  quantity  of  heat  necessary  to  overpower 
them  will  be  commensurate. 

(159)  And  now  I  must  ask  your  entire  attention.    Sup- 
pose a  certain  amount  of  heat  to  be  imparted  to  this  lump  of 
lead,  how  is  that  heat  disposed  of  within  the  substance  ?    It 
is  applied  to  two  distinct  purposes — it  performs  two  different 
ki!icis  of  work.     One  portion  of  it  excites  that  species  of  mo- 
tion which  augments  the  temperature  of  the  lead,  and  which 
is  sensible  to  the  thermometer ;  but  another  portion  of  it  goes 
to  force  the  atoms  of  lead  into  new  positions,  and  this  portiofl 
is  lost  as  heat.     The  pushing  asunder  of  the  atoms  of  the  lead 
in  this  case,  in  opposition  to  their  mutual  attractions,  is  ei- 
.actl y  analogous  to  the  raising  of  our  weight  in  opposition  to 
the  force  of  gravity,  a  loss  of  heat,  in  both  cases,  being  the 
result.     Let  ine  try  to  make  the  comparison  between  the  two 
actions  still  more  strict.     Suppose  that  a  definite  amount  of 
force  is  to  be  expended  upon  our  weight,  and  that  this  force  is 
divided  into  two  portions,  one  of  which  is  devoted  to  the  actual 
raising  of  the  weight,  while  the  other  is  employed  to  cause  the 
weight,  as  it  ascends,  to  oscillate  like  a  pendulum,  and  to  oscil- 
late, moreover,  with  gradually  augmented  width  and  rapidity: 
we  have,  then,  the  analogue  of  that  which  occurs  when  heat  is 
imparted  to  the  lead.    The  atoms  are  pushed  apart,  but,  during 

• 

their  recession,  they  vibrate  with  gradually  augmented  intensi- 
ty.   Tlius,  the  heat  communicated  to  the  lead,  resolves  itsclfi  ^ 

an  aooount  of  a  similar  experiment  was  pablialied  by  Me^otti,  who  was  t^ 
rotary  of  the  Aoademia  del  Clmento  at  Florence ;  and  it  has  since  been  &a^ 
larly  known  as  the  Florentine  experiment." 

It  ift  to  be  remembered  that  Leibnitz  (Nouveaux  Essais),  in  mentioning  t^* 
Florentine  experiment,  says  that  the  globe  was  of  gold  (p.  299,  Erdmtnn)i 
whereas  the  Florentine  aoademicians  expressly  say  why  they  preferred  wl^* 
to  cither  gold  or  lead. 


HIAT  0?  ATOJfS.  127 

pari,  into  atomic  potential  energy,  and  in  part  into  actual  en- 
ergy, which  maj  be  regarded  as  a  kind  of  atomic  music,  the 
musical  part  alone  being  competent  to  act  upon  our  ther* 
mometers  or  to  affect  our  nerves. 

(160)  In  this  case,  then,  the  heat  not  only  imparts  actual 
en^gy  to  the  vibrating  atoms,  but  also  accomplishes  what  we 
mtj  can  ifUerior  work;  *  it  performs  woik  within  the  body 
betted,  by  forcing  its  particles  to  take  up  new  positions.  / 
When  the  body  cools,  the  forces  which  were  overcome  in  the  I 
process  of  heating  come  into  play ;  the  heat  which  was  con- 1 
smned  in  the  recession  of  the  atoms  being  restored  upon  their  | 
t^Jroach. 

(161)  Qiemists  have  determined  the  relative  weights  of 
the  atoms  of  different  substances.     Galling  the  weight  of  a 
hydrogen  atom   1,  the  weight  of  an  oxygen  atom  is   16. 
Hence,  to  make  up  a  pound  weight  of  hydrogen,  sixteen  times 
the  number  of  atoms  contained  in  a  pound  of  oxygen  would 
be  necessary.     The  number  of  atoms  required  to  make  up  a 
pound  is,  evidently,  inversely  proportioned   to  the   atomic 
weight.     We  here  approach  a  very  delicate  and  important 
point.     The  experiments  of  Dulong  and  P^tit,  and  of  MM. 
Regnault  and  Neumann,  render  it  extremely  probable,  that 
all  elementary  atoms,  great  or  small,  light  or  heavy,  when  at 
the  same  temperature,  possess  the  same  amount  of  the  energy 
we  call  heat,  the  lighter  atoms  making  good  bj  velocity  what 
they  want  in  mass.     Thus,  each  atom  of  hydrogen  has  the 
same  moving  energy  as  an  atom  of  oxygen  at  the  same  tem- 
perature.    But,  inasmuch  as  a  pound  weight  of  hydrogen  con- 
t'lins  sixteen  times  the  number  of  atoms,  it  must  also  contain 
sixteen  times  the  amount  of  heat  possessed  by  a  pound  of 
oxygen,  at  the  same  temperature. 

(162)  From  this  it  follows,  that  to  raise  a  pound  of  hy- 
drogen a  certain  number  of  degrees  in  temperature — say  from 
50**  to  60** — would  require  sixteen  times  the  amount  of  heat. 
Deeded  by  a  pound  of  oxygen,  under  the  same  circumstances. 

*  See  the  excellent  memoirs  of  ClansiuB  in  the  PhiloBophical  Magazine. 


/ 


128 


DE^VT  AS  A  MODE  OF  MOTION. 


Conversely,  a  pound  of  hydrogen,  in  fklling  through  10^,  would 
yield  sixteen  times  the  amount  of  heat  yielded  by  a  pound  of 
oxygen  in  falling  through  the  same  number  of  degrees.  The 
atomic  weight  of  nitrogen  being  14,  the  same  reasoning  leads 
to  the  iKKiclusion,  that  a  pound  of  hydrogen  contains  fourteen 
times  the  amount  of  heat  contained  by  a  pound  of  nitrog^ 
This  conclusion,  as  we  shall  immediately  learn,  is  yerified  by 
experiment, 

(lt>3)  In  oxygen  and  hydrogen  we  have  no  sensible  ^'inte- 
jioT  work  ^*  to  be  performed ;  there  arc  no  molecular  attrac- 
tions of  sensible  magnitude  to  be  overcome.  But  in  solid  and 
liquid  bo^iios,  besides  the  differences  due  to  the  number  of 
atiHus  pnsent  in  the  unit  of  weight,  we  have  also  differences, 
ihK^  to  the  consumption  of  heat  in  interior  work.  Hence,  it  is 
cU'Ar  that  the  absolute  amounts  of  heat,  which  different  bodies 
p(>sso$s«  are  not  at  all  declared  by  their  temperatures.  To 
miso  a  pound  of  water,  fcH*  example,  one  degree,  would  require 
thirty  times  the  amount  of  heat  necessary  to  raise  a  pound  of 
mon'ury  one  degree.  Conversely,  the  pound  of  water,  in  fall- 
ing through  one  degree,  would 
yield  thirty  times  the  amoimt  of 
heat  yielded  by  the  poimd  of 
mercury. 

(1G4)  Let  me  illustrate,  by 
a  simple  experiment,  the  differ- 
ences which  exist  between  bodies, 
as  to  the  quantity  of  heat  which 
they  contain.     Here  is  a  cake  of 
beeswax,  six  inches  in  diameter 
and  half  an  inch   thick.     Here 
also  is  a  vessel  containing  oil, 
which  is  now  at  a  temperature 
of  180°  C.     In  the  hot  oil  are 
nersed  a  number  of  balls  of  different  metals — ^iron,  lead, 
luth,  tin,  and  copper.     At  present  they  all  pK>sses8  the 
0  temperature,  namely,  that  of  the  oil.     I  lift  them  out  of 
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the  oil,  and  place  them  upon  tliis  cake  of  wax  o  d  (tig.  40), 
which  is  supported  by  the  ring  of  a  retort-etand ;  thej  melt 
the  wax  underneath,  and  sink  in  it.  But  thej  are  sinking 
with  different  velooities.  The  iron  and  the  copper  are  work- 
ing themselves  much  more  vigOTOuslj  into  the  fusible  mass 
than  the  others ;  the  tin  oomes  next^  while  the  lead  and  the 
bismuth  lag  entirely  behind.  And  now  the  iron  has  gone 
dean  through ;  the  copper  follows ;  the  bottom  of  the  tin  ball 
just  protrudes  from  the  lower  sur&oe  of  the  cake,  but  it  can- 
not go  &rther ;  while  the  lead  and  bismuth  have  made  but 
little  way,  being  unable  to  sink  to  much  more  than  half  the 
depth  of  the  wax. 

(165)  Uj  then,  equal  weights  of  diflforent  substances  were 
all  heated,  say  to  100°,  and  if  the  exact  amount'of  heat  which 
each  of  them  gives  out,  in  cooling,  from  100°  to  0°  were  de- 
termined, we  should  find  yery  different  amounts  of  heat  for 
the  difoent  substances.  Bminent  men  have  solved  this 
proUem,  by  observing  the  time  which  a  body  requires  to  oooL 
Of  coune,  the  greater  the  amount  of  heat  possessed  or  gen- 
erated by  its  atoms,  the  longer  would  the  body  take  to  cooL 
The  relative  quantities  of  heat  yielded  up  by  different  bodies 
have  also  been  determined  by  plunging  them,  when  heated, 
into  cold  water,  and  observing  the  gain  of  heat  on  the  one 
hand  and  the  loss  on  the  other.  The  problem  has  also  been 
solved,  by  observing  the  quantities  of  ice  which  different 
bodies  can  liquefy,  in  £etlling  from  100°  C.  to  0°,  or  from  212° 
Fahr.  to  32°.  These  different  methods  have  given  concordant 
results.  According  to  the  celebrated  Frencli  experimenter, 
Regnault,  the  following  numbers  express  the  relative  amounts  of 
heat,  given  out  by  a  unit  of  weight  of  each  of  the  substances 
named  in  the  table,  in  cooling  from  98°  C.  to  15°  C. : 


Alamlnlnm            . 

0-2148 

Oadmliim    . 

OHKWT 

Ajitlmony 

.     <H)608 

Carbon  . 

.     0-2414 

Anenle 

(H)614 

Cobftit 

0-1067 

BUmuth 

.      0-0606 

Copper  . 

.     00952 

Tktron 

0-2852 

Diamond 

0-1409 

.      0-11S9 

Gold       . 

.      OHI024 
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lodioa   . 

•                    • 

.     f-0541 

Irldiam 

(HJeM 

Iron 

•                    • 

.     0-1188 

Lead. 

00814 

Uthiam 

•                    • 

.      0-M08 

MafnMslain  . 

0-MM 

•                    • 

.      0-1217 

Mcrmiiy 

0-0888 

Klckd 

0-1086 

Osmiain 

•                     • 

.      0-0811 

Pailadinm    . 

• 

0-0668 

Phosphorus  (solid) 

,     0-188T 

*       (unoqAoQs) 

0-lTOO 

PlaUnum 

•                    • 

.      0-0890 

PtttiMtmn   . 

• 

0-lflM 

Rhodhun          • 

• 

.     0<»80 

Belenhim 

• 

0<«T 

SUIoon  . 

• 

.    0-im 

Silver          • 

• 

OifftO 

Bodlom  . 

• 

.      0«84 

BQlphar  (patiTe) 

• 

0-im 

**  (reoentlj  melted)  . 

.      O-SOM 

TeDnrimn    . 

• 

00474 

Thalttnm 

• 

00686 

Tta  . 

• 

(HXW 

Toagstan         • 

• 

.      00684 

Watsr 

• 

1-0060 

Zino 

• 

•      00665 

A  moment's  inspection  of  this  table  explains  the  reasoo 
why  the  iron  and  the  copper  balls  melted  through  the  wax ; 
it  was  in  consequence  of  their  high  specific  heat,  w^hile  the 
lead  and  bismuth  balls  were  incompetent  to  do  so ;  it  will 
also  be  seen  that  tin  here  occupies  the  position  which  our  ex- 
periment with  the  cake  of  wax  assigns  to  it ;  water,  we  seCi 
yields  more  heat  than  any  other  substance  in  the  list. 

(166)  Each  of  these  numbers  denotes  what  has  been  hith- 
erto called  the  "  specific  heat,"  or  the  "  capacity  for  heat,"  of 
the  substance  to  which  it  is  attached.     As  stated  on  a  former 
occasion,  those  who  considered  heat  to  be  a  fluid,  explained 
these  difTercnces  b}'  saying  that  some  substances  had  a  greater 
store  of  this  fluid  than  others.     We  may,  without  harm,  con- 
tinue to  use  the  term  "  specific  heat,  or  "  capacity  for  heat," 
now  that  we  know  the  true  nature  of  the  actions  denoted  by 
the  tcnn.     It  is  a  noteworthy  fact,  that  as  the  specific  heat  in- 
creases, the  atomic  weigfU  diminishes,  and  vice  versa  ;  so  thai 
the  jyroduct  of  the  atomic  weight  and  specific  heat  is,  in  al-  j 
most  all  cases,  a  sensibly  constant  quantity.     This  illustrates  I 
a  remark  already  made,  that  the  lighter  atoms  make  good  by  I 
velocity  what  they  want  in  mass.  f 

(167)  The  magnitude  of  the  forces  engaged  in  this  atomic 
\    motion,  and  interior  work,  as  measured  by  any  ordinary  me-  , 

chanical  standard,  is  enormous.  ITiis  pound  of  iron,  on  being 
heated  from  0°  C.  to  100°  C,  expands  by  about  ^^th  of  the 
volume  which  it  possesses  at  0"".     Its  augmentation  of  volume 
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would  certainly  escape  the  most  acute  eye ;  still,  to  give  its 
atoms  the  motion  corresponding  to  this  augmentation  of  tem- 
perature, and  to  shift  them  through  the  small  space  indicated, 
an  amount  of  heat  is  requisite  which  would  raise  about  eight 
tons  one  foot  high.  The  force  of  gravity  almost  vanishes  in 
comparison  with  these  molecular  forces ;  the  pull  of  the  earth 
upon  the  pound  weight,  as  a  mass,  is  as  nothing  compared 
with  the  mutual  pull  of  its  own  molecules.  Water  furnishes 
a  still  subtler  example.  Water  expands  on  both  sides  of  4^ 
C.  or  39^  F. ;  at  4^  C.  it  has  its  maximum  density.  Suppose 
a  pound  of  water  to  be  heated  from  3^**  C.  to  4J°  C. — that  is, 
one  degree — its  volume  at  both  temperatures  is  the  same ; 
there  has  been  no  forcing  asunder  whatever  of  the  atomic 
centres,  and  still,  though  the  volume  is  imchanged,  an  amount 
of  heat  has  been  imparted  to  the  water,  sufficient,  if  mechan- 
ically applied,  to  raise  a  weight  of  1,390  lbs.  a  foot  high.  The 
inttfrior  work,  done  here  by  the  heat,  is  simply  that  of  causing 
the  atoms  of  water  to  rotate.  It  separates  their  attracting 
poles  by  a  tan*^ential  movement,  but  leaves  their  centres  at 
the  same  distance  asunder,  first  and  last.  Tlie  conceptions 
here  dealt  with  may  not  be  easy  to  those  unaccustomed  to 
such  studies,  but  they  can  be  realized,  with  perfect  clearness, 
by  all  who  have  the  patience  to  dwell  upon  them  for  a  sufli- 
cient  length  of  time. 

(108)  We  thus  see  that  there  are  descriptions  of  interior 
work,  different  from  that  of  pushing  the  atoms  more  widely 
apuTt,  An  enormous  quantity  of  interior  work  may  l>e  aecjom- 
plished,  while  the  atomic  centres,  instead  of  being  pushed 
apart,  approach  each  other.  Polar  forces — forces  emanating 
from  distant  atomic  points,  and  acting  in  distinct  directions — 
give  to  crystals  their  symmetry,  and  the  overcoming  of  these 
forces,  while  it  necessitates  a  consumption  of  heat,  may  also 
be  accompanied  by  a  diminution  of  volume.  This  is  illus- 
trated by  the  deportment  of  both  ice  and  bismuth  in  liquefying. 

(169)  The  most  important  experiments  on  the  Sf)ecific  heat 
of  elastic  fluids  we  owe  to  M.  Regnault.     He  determined  the 
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quantities  of  heat  neoessary  to  raise  equal  weights  of  gases 
and  vapors,  and  also  the  quantities  necessary  to  raise  equal 
volumes  of  them,  through  the  same  number  of  degrees.  Call- 
ing the  specific  heat  of  water  1,  here  are  some  of  the  results 
of  this  invaluable  investigation: 

Supu  Oash. 

SpeolflebMto. 

Sqiul  wviglita.      Equl  Totamet. 

Air 0-287 

Oxygen 0*218  0*240 

Nitrogen 0*244  0*237 

Hydrogen 8*409  0*286 

Chlorine 0*121  0*296 

Bromine 0*065  0*804 

(170)  We  have  already  arrived  at  the  conclusion  that,  for 
equal  weights,  hydrogen  would  be  found  to  possess  sixteen 
times  the  amount  of  heat  possessed  by  oxygen,  and  fourteeQ 
times  that  of  nitrogen,  because  the  hydrogen  contains  sixteen 
times  the  number  of  atoms,  in  the  one  case,  and  fourteen  times 
the  number  in  the  other.     We  here  find  this  conclusion  verified 
experimentally.     £k|ual  volumes,  moreover,  of  all  these  gases  j 
contain  the  same  number  of  atoms,  and  hence  we  should  infer  I 
that  the  specific  heats  of  equal  volumes  ought  to  be  equal 
They  are  very  nearly  so  for  oxygen,  nitrogen,  and  hydrogen; 
but  chlorine  and  bromine  differ  considerably  from  the  other 
elementary  gases.     Now  bromine  is  a  vapor^  and  chlorine  » 
gas,  easily  liquefied  by  pressure ;  hence,  in  both  these  cases, 
the  mutual  attraction  of  the  atoms,  which   is  insensible  in 
oxygen,  nitrogen,  and  hydrogen,  requires  a  portion  of  heat  to 
overcome  it     The  specific  heats  of  chlorine  and  bromine  at 
equal  volumes  are,  therefore,  higher. 

(171)  Certain  simple  gases  unite  to  form  compound  ones, 
without  any  change  of  volume.  Thus,  one  volume  of  chlorine 
combines  with  one  volume  of  hydrogen  to  form  two  volumes 
of  hydrochloric  acid.  In  other  cases  the  act  of  combination  is 
accompanied  by  a  diminution  of  volume :  thus,  two  volumes 
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I  nitrogen  oomlune  with  one  of  oxygen  to  form  two  volumes 
f  the  protoxide  of  nitrogen.  By  the  act  of  combination, 
hree  volumes  have,  in  this  case,  been  condensed  to  two.  M. 
fegnauh  finds  that  the  compound  gases  formed  without  con- 
ensbtion,  have,  at  equal  volumes,  the  same  specific  heat  as 
xjgen,  nitrogen,  and  hydrogen;  while  with  these  which 
biDge  the  volume  this  is  not  the  case. 


>iniD  Gaseb — wmoinobtnfaamoi. 

BpeeiflD  hesti. 

Equal  wel^ti.  Sqiul  TohuMS. 

Nitric  oxide 0282  0*241 

Garbonio  oxide      ......    0'24ff  0*2S7 

HTdrochloric  add     ....         0'186  0*286 

be  specific  heat  of  equal  volumes  of  these  compound  gases 
the  same  as  that  of  the  three  simple  gases  already  men- 

}Qed. 

(172)        GoMFOUKD  Gases — 3  tolumxs  comdxnsed  to  2. 

Specific  hoatf. 

' • » 

EqoAl  weights.      Equal  Tolmnes. 

Carbonic  acid 0*217  O'SSl 

Nitrous  oxide 0*226  0*846 

Aqueous  vapor          ....  0*480  0*299 

Sulphurous  acid 0*154  0*841 

Sulphide  of  hydrogen        .        .        .  0*248  0*286 

Bisulphide  of  carbon    ....  0*167  0*412 


(173)  Here  we  find  the  specific  heats  of  equal  volumes 
ithcr  equal  to  those  of  the  elementary  gases,  nor  equal  to 
ih  otiier.  It  is  worth  bearing  in  mind  that  the  specific  heat 
water  is  about  double  that  of  aqueous  vapor,  and  also 
ible  that  of  ice. 

(174)  Comparing  equal  fJoeigJUs^  the  specific  beat  of  water 
ng  1,  that  of  air  is  0'237.  Hence,  a  pound  of  water,  in 
ing  one  degree  of  temperature,  would  warm  about  4*2  lbs, 
air  one  degree.  But  water  is  770  times  heavier  than  air ; 
ice,  cc/mparing  equal  volumes^  a  cubic  foot  of  water,  in 
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losing  one  degree  of  temperature,  would  raise  770  X  4*2  = 
3,234  cubic  feet  of  air  one  degree. 

(175)  The  vast  inBucnce  which  the  ocean  must  exert,  as  a 
moderator  of  climate,  here  suggests  itsell  The  heat  of  sum- 
mer is  stored  up  in  the  ocean,  and  slowly  given  out  during 
the  winter.  Hence  one  cause  of  the  absence  of  extremes  b 
an  island  climate.  The  summer  of  the  island  can  never  attain 
the  fer\'id  heat  of  the  Continental  summer,  nor  can  the  winter 
of  the  island  be  so  severe  as  the  Continental  winter.  In 
various  p{irts  of  the  Continent  fruits  grow  which  our  summers 
cannot  ripen;  but  in  these  same  parts  our  evergreens  are 
unknown ;  they  cannot  live  through  the  winter  cold.  Winter 
in  Iceland  is,  as  a  general  rule,  milder  than  in  Lombardy. 

(176)  We  have  hitherto  confined  our  attention  to  the  heat 
consumed  in  the  molecular  changes  of  solid  and  liquid  hodieB, 
while  these  bodies  continue  solid  and  liquid.     We  shall  now 
direct   our  attention   to  the    phenomena   which   accompaoj 
changes  of  the  state  of  aggregation.      When    suffidentlj 
heated,  a  solid  becomes  a  liquid ;  and  when  sufficiently  heated, 
a  liquid  assumes  the  form  of  gas.     Let  us  take  the  case  of  ice, 
and  trace  it  through  the  entire  cycle.     The  block  of  ice  be- 
fore you  has  now  a  temperature  of  10**  C.  below  zero.    Let  us 
warm  it ;  a  thermometer  fixed  in  it  rises  to  0**,  and  at  this 
point   the  ice   begins   to   melt;    the    thermometric   coluiDn, 
wliich  rose  previously,  is  now  arrested  in  its  marchj  and  be- 
comes perfectly  stationary.     The  warmth  is  still  applied,  but 
there  is  no  augmentation  of  temperature ;    and,  not  until  the 
last  film  of  ice  has  been  removed  from  the  bulb  of  the  the^ 
mometer,  does  the  mercury  resume  its  motion.      It  is  now 
again  ascending ;  it  reaches  30°,  60°,  100° :  here  steani4)ub- 
bles  appear  in  the  liquid ;  it  boils,  and  from  this  point,  oo* 
ward,  tfie  thermometer  remains  stationary  at  100°. 

(177)  But  during  the  melting  of  the  ice,  and  during  the 
evaporation  of  the  water,  licat  is  incessantly  communicated: 
to  simply  liquefy  the  ice,  as  much  heat  is  imparted  as  would 
raise  the  same  weight  of  water  79*4°  C,  or  79*4  times  that 
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;reiglit  one  degree  in  temperature;  and  to  convert  a  pound 
)f  water  at  100^  C.  into  a  pound  of  steam,  at  the  same 
;emperature,  537*2  times  as  much  heat  is  required,  as 
ev'ould  raise  a  pound  of  water  one  degree  in  temperature, 
rhe  former  number,  79*4**  C.  (or  143°  F.),  represents  what 
bas  been  hitherto  called  th^  laterU  heat  of  water;  and 
^e  latter  number,  537-2°  C.  (or  967°  F.)  represents  the  la- 
tent heat  of  steam.  It  was  manifest  to  those  who  first  used 
these  terms,  that  throughput  the  entire  time  of  melting,  and 
throughout  the  entire  time  of  boiling,  heat  was  communicated ; 
but,  inasmuch  as  this  heat  was  not  revealed  bj  the  thermome- 
ter, the  fiction  was  invented  that  it  was  rendered  latent.  The 
Quid  of  heat  was  supposed  to  hide  itself,  in  some  unknown 
war,  in  the  interstitial  spaces  of  the  water  and  the  steam. 
According  to  our  present  theory,  the  heat  expended  in  melt- 
ing is  consumed  in  conferring  potential  energy  upon  the 
:itoms.  It  is,  virtually,  the  lifting  of  a  weight.  So,  likewise, 
as  regards  steani,  the  hejit  is  consumed  in  pulling  tlie  liquid 
molecules  asunder,  conferring  upon  them  a  still  greater  amount 
of  potential  energy.  When  the  heat  is  withdrawn,  the  va[X)r 
rronrlenses,  the  molecules  again  clash  with  a  dynamic  energy, 
equal  to  that  which  w.as  employed  to  separate  them,  and  the 
precise  quantity  of  heat  then  consumed  reappears. 

(178)  The  act  of  liquefaction  consists  of  interior  work — 
of  work  expended  in  moving  the  atoms  into  new  positions. 
The  act  of  vaporization  is  also,  for  the  most  part,  interior 
^vork ;  to  which,  however,  must  be  added  the  exterior  work  of 
forcing  ba(!k  the  atmosphere,  when  the  liquid  becomes  vapor. 

(IT9)  We  are  indebted  to  an  eminent  man  to  whom  I  have 

already  often  referred,  for  the  first  accurate  determinations  of 

^lu'  calorific  power  of  fuel.     "  Rumford  estimated  the  calorific 

r^nver  of  a  body  by  the  number  of  parts,  by  weight,  of  water, 

'W^liich  one  part,  by  weight,  of  the  body  would,  on   perfect 

»*orabustion,   raise   one   degree   in    temperature.      Thus,   one 

pound  of  charcoal,  in  combining  with  2f  lbs.  of  oxygen,  to 

form  carlx»nic  acid,  evolves  heat  sufficient  to  raise  the  tempera- 
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ture  of  about  8,000  lbs.  of  water  1°  C.  Similarlj,  (Hie  pouDd 
of  hydrogen,  in  combining  with  eight  pounds  of  oxjgeD,  to 
fonn  water,  generates  an  amount  of  heat  sufficient  to  raise 
34,000  lbs.  of  water  V  C.  The  calorific  powers,  therefore,  of 
carbon  and  hydrogen  are  as  8 :  34."  *  The  recent  refined  re* 
searches  of  Favre  add  Silbenpann  entirely  confirm  the  deto^ 
minations  of  Rumford. 

(180)  Let  us,  then,  fix  our  attention  upon  this  wonderfiil 
substance,  water,  and  trace  it  through  the  various  stages  of 
its  existence.     First,  we  have  its  constituents  as  free  atoms  of 
oxygen  and  hydrogen,  which  attract  each  other  and  dash 
together.     The  mechanical  value  of  this  atomic  act  is  easilj 
determined.     The  heating  of  1  lb.  of  water  1^  C.  is  equivaleDt 
to  1,390  foot-pounds ;  hence  the  heating  of  34,000  lbs.  of  in- 
ter 1'  C.  is  equivalent  to  34,000x1,390  footrpounds.    Wc 
thus  find  that  the  concussion  of  our  1  lb.  of  hydrogen  with 
8  lbs.  of  oxygen  is  equal,  in  mechanical  value,  to  the  nusiog 
of  forty-seven  million  pounds  one  foot  high.     It  was  no  ore^ 
statement  which  affirmed  that  the  force  of  gravity,  as  exerted 
near  the  earth,  is  almost  a  vanishing  quantity,  in  comparison 
with  these  molecular  forces.      The  distances  which  separate 
the  atoms  before  combination  are  so  small  as  to  be  utterly 
immeasurable :  still,  it  is  in  passing  over  these  distances  that 
the  atoms  acquire  a  velocity  sufficient  to  cause  them  to  dash 
with  the  tremendous  energy  indicated  above. 

(181)  After  combination,  the  substance  is  in  a  state  of  var 
per,  which  sinks  to  100°  C,  and  afterward  condenses  to  water. 
Ill  the  first  instance,  the  atoms  fall  together  to  form  the  com- 
pound ;  in  the  next  instant  the  molecules  of  the  compound  £iu 
tof^ether,  to  form  a  liquid.  The  mechanical  value  of  this  ac* 
is  also  easily  calculated :  9  lbs.  of  steam,  in  falling  to  water, 
generate  an  amount  of  heat  sufficient  to  raise  537'2  x  9=4,835 
lbs.  of  water  1°  C,  or  967  x  9=8,703  lbs.  V  F.  Multiplying 
tlie  foniier  number  by  1,390,  or  the  latter  by  772,  we  have,  in 
round  numbers,  a  product  of  6,720,000  foot-pounds,  as  the  mc- 

*  Percy's  Metallurtfy,  p.  68. 
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dumical  valuo  of  the  mere  act  of  condensation.*  The  next 
great  fiill  is  from  the  state  of  liquid  to  that  of  ice,  and  the  me- 
dumical  value  of  this  act  is  equal  to  998,564  foot-pounds. 
Tbos,  our  9  lbs.  of  water,  at  its  origin  and  during  its  progress, 
iilb  down  three  great  precipices :  the  first  fall  is  equivalent, 
b  energy,  to  the  descent  of  a  ton  weight  down  a  precipice 
S8y3SO  feet  high ;  the  second  fiedl  is  equal  to  that  of  a  ton  down 
I  precipice  2,900  feet  high ;  and  the  third  is  equal  to  the  fiiU 
xf  a  ton  down  a  precipice  433  feet  high.  I  have  seen  the 
rild  stone-avalanches  of  the  Alps,  which  smoke  and  thunder 
bwn  the  declivities,  with  a  vehemence  almost  sufficient  to 
tun  the  observer.  I  have  also  seen  snow-flakes  descending 
o  sofUy  as  not  to  hurt  the  firagile  spangles  of  which  thej 
rere  composed ;  jet  to  produce,  from  aqueous  vapor,  a  quan- 
ity,  which  a  child  could  cany,  of  that  tender  material,  de- 
nands  an  exertion  of  energy  competent  to  gather  up  the  shat- 
cred  blocks  of  the  largest  stone-avalanche  I  have  ever  seen, 
ind  pitch  them  to  twice  the  height  from  which  they  fell. 
(182)  A  few  experimental  illustrations  of  the  calorific  ef- 

Fio.  41. 


Tects  which  accompany  the  change  of  aggregation  will  not  be 
^ut  of  place  here.  I  place  the  thermo-electric  pile  with  its 
Inck  upon  the  table,  and  on  its  naked  face  this  thin  silver 
i)asin,  B  (fig.  41),  which  contains  a  quantity  of  water  slightly 
warmed ;  the  needle  of  the  galvanometer  moves  to  90**,  and 
remains  permanently  deflected  at  70°.     I  now  put  a  little 

*  In  Rnmford'B  experimonti  the  heat  of  condonnation  was  indnded  in  hia 
^9timatc  of  calorific  power;  deducting  the  above  numhcT  from  that  found  for 
:hc  chemical  union  of  the  hydrogen  and  oxygen,  forty  millionB  of  foot-pounda 
iroold  RtiJl  remain  aa  the  mechanical  value  of  the  act  of  combination. 
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powdered  nitre,  not  more  than  will  cover  a  threepennj-pieoe, 

in  tlie  basin,  and  allow  it  to  dissolve.     The  nitre  was  pre> 

viously  placed  before  the  fire,  so  that  not  only  was  the  liquid 

3  warm,  but  also  the  solid  powder.     Observe  the  effect  of  their 

'j  niixiure.     The  nitre  dissolves  in  the  water ;  and,  to  prodnoe 

I  this  change,  all  the  heat  which  both  the  water  and  the  nitie 

I  possess,  in  excess  of  the  temperature  of  this  room,  is  ooo- 

suuied,  and,  indeed,  a  great  deal  more.     The  needle,  you  see^ 

not  only  sinks  to  zero,  but  moves  strongly  up  at  the  other 

side,  showing  that  the  face  of  the  pile  is  now  powerfully  chilled. 

(183)  Pouring  out  the  chilled  liquid,  and  replacing  it  with 
warm  wsitcr,  I  intmduce  a  pincli  .of  common  salt^  The  needk 
was  at  70°  when  the  salt  was  put  in:  it  is  now  sinking, it 
reaches  zero,  and  moves  up  on  the  side  which  indicates  ooUL 
But  the  action  is  not  at  all  so  strong  as  in  the  case  of  salt^ 
petre.  As  regards  latent  heat,  then,  we  have  differences  simi- 
lar to  those  which  we  have  already  illustrated  as  reganb 
specific  heat.  Putting  a  little  sugar,  instead  of  salt,  in  the 
water,  the  amount  of  heat  absorbed  is  sensible ;  the  liquid  is 
cliilled,  but  the  amount  of  chilling  is  much  less  than  in  cither 
of  the  former  cases.  Thus,  when  you  sweeten  your  hot  tea, 
you  cool  it  in  the  most  philosophical  manner ;  when  you  put 

i     salt  in  your  soup,  you  do  the  same ;  and  if  you  were  conceroed 
I     witli  the  act  of  cooling  alone,  and  careless  of  the  flavor  of 

your  soup,  you  might  hasten  its  refrigeration  by  adding  to  it 

saltpetre. 

(184)  On  a  former  occasion  a  mixture  of  pounded  ice  and 
salt  was  employed  to  obtain  intense  cold.  Both  the  salt  and 
the  ice,  when  they  are  thus  mixed  together,  change  their  state 
of  aggregation,  and,  as  a  consequence,  the  temperature  of  the 
mixture  sinks  many  degrees  below  the  freezing-point  of  water. 
Here  is  a  nest  of  watch-glasses  wrapped  in  tin-foil,  and  im- 
mersed in  a  mixture  of  ice  and  salt.  Into  each  watch-glass 
was  poured  a  little  water,  in  which  the  next  glass  rested. 
They  are  now  all  frozen  together  to  a  solid  cylinder,  by  the 
cold  of  this  mixture  of  ice  and  salt. 
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9)  I  will  now  reverse  the  process,  and  endeavor  to 
'ou  the  heat  developed,  in  passing  from  the  liquid  to 
lid  state.  But  first  let  mo  show  jou  that  heat  is  ren- 
[atent,  when  sulphate  of  soda  is  dissolved.  Teatiag  the 
loe  as  the  nitre  was  tested,  you  see  that  as  the  crystals 
1  the  water  the  pile  is  chilled.  And  now  for  the  com- 
itary  experiment :  This  large  glass  vessel,  b  (fig.  43), 
s  loug  neck,  is  filled  .with  a  solution  of  sulphate  of  soda, 
day,  my  assistant  dissolved  the  substance  in  a  pan  over 
x>ratory-fire,  and  filled  this  bottle  with  the  solution, 
n  covered  the  top  carefully  with  a  piece  of  bladder,  and 
the  bottle  behind  this  table, 
it  has  remained  undisturbed 
bout  the  night.  The  liquid  is, 
present  moment,  supersatu- 
rith  sulphate  of  soda.  When 
ter  was  hot,  it  melted  more 

could  melt  when  cold ;  but 
e  temperature  has  sunk  iriuch 
han  that  which  corresponds 

point  <tf  saturalion.     Tliis    i 
f  things  is  secured  by  keep- 
:  solution  perfectly  still,  and 
ting  nothing  to  full  into  it. 
,  kept    thus    stiU,    may   be 

many  degrees  below  its 
ir-point.  Some  of  you  may 
lot  iced  the  water  in  your 
ftcr  a  cold  winter  night,   suddenly  freeze,  on  being 

out  in  the  morning.  In  cold  climates  this  is  not  un- 
n.  The  particles  of  sulphate  of  soda,  in  this  solution, 
the  brink  of  a  precipice,  and  may  be  pushed  over  it,  by 
dropping  a  small  crystal  of  the  substance,  not  larger 

grain  of  sand,  into  the  solution.  Observe  what  takes 
-the  bottle  now  contains  a  clear  liquid  ;  I  drop  the  bit 
ital  in;  it  does  not  sink;  the  molecules  have  closed 
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round  it,  to  form  a  solid,  in  which  it  is  now  embedded.  The 
passage  of  the  atoms,  from  a  state  of  freedom  to  a  state  of 
Loudage,  goes  on  quite  gradually ;  jou  see  the  solidificatioD 
extendimr  down  the  neck  of  the  bottle.  The  naked  &oe  of 
the  thermo-electric  pile  rests  against  the  convex  surface  of  the 
bc*ttle,  and  the  needle  of  the  galvanometer  points  to  sen; 
Tlie  process  of  cnrstaUixation  has  not  jet  reached  the  liquid 
in  front  of  the  pile,  but  you  see  it  approaching.  The  salt  ifl 
now  solidified  opposite  the  pUe,  and  mark  the  effect  The 
atoms,  iu  falling  to  the  solid  form,  develop  heat;  this  heat 
communicates  itself  to  the  glass  envelop,  which,  in  its  tun, 
w:irms  the  pile,  and  the  needle,  as  you  see,  flies  to  90^  The 
i|u.n)titv  of  heat  thus  rendered  sensible  by  solidiBcatioo  is 
exactly  equal  to  that  which  was  rendered  latent  by  liquefiie- 
tii-n. 

(IStj)  We  have,  in  these  experiments,  dealt  with  the  latent 
hi'at  of  liqaiils;  let  me  now  direct  your  attention  to  a  few  ex- 
jHTimenis  illustrative  of  what  has  been  called  the  latent  heat 
i»f  vapors — in  other  words,  the  heat  consumed  in  conferring 
p'lential  energy,  when  a  body  passes  from  the  liquid  to  the 
g:iseous  state.  As  before,  the  pile  is  laid  upon  its  back,  with 
its  naked  face  upward ;  on  this  face  is  placed  the  silver  basin 
alri\idy  usetl,  and  which  now  contains  a  small  quantity  of  a 
volatile  liquid,  purposely  warmed.  The  needle  moves,  indi- 
catinjr  heat  But  scarcelv  has  it  attained  90°,  when  it  turns 
jironiptly,  descends  to  (»',  and  flies  up  with  violence  on  the 
si  lie  of  cold.  Tlie  liquid  here  used  is  sulphuric  ether;  it  is 
vorv  volatile,  and  the  sf)eed  of  its  evaporation  is  such,  that  it 
consumes  rapidly  the  heat  at  first  communicated  to  it,  and 
then  abstracts  heat  from  the  face  of  the  pile.  I  remove  the 
othor,  and  supply  its  place  by  alcohol,  slightly  warm^^ 
netMile,  as  lx»fore,  ascends  on  the  side  of  heat.  By  these  small 
bi'llows  we  can  promote  the  evaporation  of  the  alcohol;  you 
st'o  the  needle  descending*,  and  now  it  is  up  at  90**  on  the  ade 
of  cold.  Water  is  not  nearly  so  volatile  as  alcohol;  still, 
with  this  arrangement,  th(^  absor[)tion  of  heat  by  the  evapo- 
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ntion  of  water  maj  be  shown.  We  use  flometlmes  unglazed 
pottery  for  holding  water,  whioh  admits  of  a  alight  peroola- 
.  tioo  of  the  liquid,  and  thus  causes  a  dewiness  on  the  external 
surface.  From  that  surface  evaporation  goes  on,  and  the  heat 
necessary  for  this  molecular  work,  being  drawn  in  great  part 
fiom  the  water  witiiin,  keeps  it  cooL  ButteiKXxders  are  made 
CD  the  same  principle. 

(187)  Tlie  extent  to  which  refrigeration  may  be  carried  by 
the  evaporation  of  water  is  illustrated  by  the  fact  that  water 
may  be  frozen,  through  the  simple  abstraction  of  heat  by  its 
own  vapor.  The  instrument  which  effects  this  is  called  a 
cryaphorus^  or  ice-carrier,  which  was  invented  by  Dr.  Wollaa- 
ton.  It  is  made  in  this  way — a  little  water  is  put  into  one  of 
these  bulbs,  a'  (fig.  43) ;  the  other  bulb,  b,  while  softened  by 
heat,  had  a  tube  drawn  out  from  it,  with  a  minute  aperture  at 
the  end.  The  water  was  boiled  in  a,  and  steam  was  produced, 
until  it  had  chased  all  the  air  away  through  the  small  aperture 
in  the  distant  bulb.     When  the  bulbs,  and  connecting  tube. 


Fio.  43. 


were  filled  witli  pure  steam,  the  small  orifice  was  sealed  with 
a  blow-pipe.  Here,  then,  we  have  water  and  its  vapor,  with 
scarcely  a  trace  of  air.  You  hear  how  the  liquid  rings,  exact- 
ly as  it  did  in  the  case  of  the  water-hammer. 

(188)  I  turn  all  the  liquid  into  one  bulb.  A,  which  is  dipped 
into  an  empty  glass,  to  protect  it  from  air<nirrents.  Tlie 
empti/  bulb,  b,  is  pluncred  into  a  freezing  mixture ;  thus,  the 
vapor  which  escapes  from  the  liquid  in  the  bulb  a,  is  con- 
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densed,  bj  the  cold,  to  water  in  b.  This  condensation  pe^  1 
in  its  of  the  formation  of  new  quantities  of  vapor.  As  the 
evaporation  continues,  the  water  which  supplies  the  vapor  be-  ■ 
comes  more  and  more  chilled.  In  a  quarter  of  an  hour,  or 
twenty  minutes,  it  will  be  converted  into  a  cake  of  ice.  Here, 
in  fact,  is  the  opalescent  solid,  formed  in  a  second  instrument, 
which  was  set  in  action  about  half  an  hour  ago.  The  'whole 
j)rocess  of  refrigeration  consists  in  the  uncompensated  transfer 
of  atomic  motion  from  the  one  bulb  to  the  other. 

(189)  But  the  most  striking  example  of  the  consumption 
of  heat,  in  changing  the  state  of  aggregation,  is  furnished  bj 
a  substance  which  is  imprisoned  in  this  strong  iron  bottle. 
This  bottle  contains  carbolic  acid,  liquefied  by  enonnons 
pressure.  ThjB  substance,  you  know,  is  a  gas  under  (nrdiniiy 
circumstances.  This  glass  jar  is  full  of  the  gas,  which,  tboogh 
it  manifests  its  nature  by  extinguishing  a  taper,  is  not  to  be 
distinguished,  by  the  eye,  from  common  air.  When  the  cock 
attached  to  the  iron  bottle  is  turned,  the  pressure  upon  the 
a(»id  is  relieved ;  the  liquid  boils — flashes,  as  it  were,  suddenly 
into  gas,  which  rushes  from  the  orifice  with  impetuous  force. 
You  can  trace  this  current  through  the  air;  mixed  with  it  yon 
sec  a  white  substance,  which  is  blown  to  a  distance  of  eight  or 
ten  feet  AMiat  is  this  white  substance  ?  It  is  carbolic  8ci<l 
snow.  The  cold  produced,  in  passing  from  the  liquid  to  the 
gaseous  state,  is  so  intense,  that  a  portion  of  the  carbolic  add 
is  actually  frozen  to  a  solid,  which  mingles,  in  small  flakes, 
with  the  issuing  stream  of  gas.  This  snow  may  be  collected 
in  a  suitable  vessel.  Here  is  a  cylindrical  box,  with  two  hol- 
low handles,  through  which  the  gas  is  allowed  to  issue.  Righ* 
and  left  you  see  the  turbid  current,  but  a  large  portion  of  the 
frozen  mass  is  retained  in  the  box.  On  being  opened,  you  sec 
it  filled  with  this  perfectly  white  solid, 

(190)  The  solid  disappedVs  very  gradually ;  its  conversion 
into  vapor  is  slow,  because  it  can  only  slowly  collect,  from 
surrounding  substances,  the  heat  necessary  to  vaporize  it 
You  can  handle  it  freely,  but  not  press  it  too  much,  lest  it 
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old  bum  yoiL  It  is  oold  enough  to  bum  tlie  hand.  When 
ieoe  of  it  is  plunged  into  water,  and  held  there,  you  see 
bles  rising  through  the  water — ^these  are  pure  carbolio-aoid 
It  possesses  all  the  properties  of  the  substance  as  com- 
ly  prepared.  I  put  a  bit  of  the  acid  into  my  mouth,  tak- 
care  not  to  inhale,  while  it  is  there.  Breathing  against 
candle,  my  breath  extinguishes  the  £ame.  How  it  is  pos- 
i  to  keep  so  cold  a  substance  in  the  mouth  without  injury 
be  immediately  explained.  A  piece  of  iron,  of  equal 
ness,  would  do  serious  damage. 

191)  Water  will  not  melt  this  snow,  but  sulphuric  ether 
;  and,  on  pouring  a  quantity  of  this  ether  on  the  snow,  a 
Y  mass  is  obtained,  which  has  an  enormous  power  of  rc- 
^ration.  Here  are  some  thick  and  irregular  n^asses  of  glass 
e  feet,  in  fact,  of  drinking^glasses.  I  place  a  portion  of 
solid  acid  on  them,  and  wet  it  with  ether ;  you  hear  the 
568  crack ;  they  have  been  shattered  by  the  contraction 
luce<l  by  the  intense  cold. 

192)  In  this  basin  is  spread  a  little  paper,  and  over  the 
^  is  poured  a  pound  or  two  of  mercury ;  on  the  mercury 
accd  some  solid  carbonic  acid,  and  over  the  acid  is  poured 
;tle  ether.  Mercury,  you  know,  requires  a  very  low  tem- 
.ture  to  freeze  it ;  but  here  it  is  frozen.  It  is  now  l)efore 
as  a  solid  mass ;  the  solid  can  be  hammered,  and  also  cut 
I  a  knife.  To  enable  me  to  lift  the  mercury  but  of  the 
n,  a  wire  is  frozen  into  it ;  by  the  wire  I  raise  the  mercury, 

plunge  it  into  a  glass  jar  containing  water.  It  liquefies, 
showers  downward  through  the  water ;  but  every  fillet  of 
ijury  freezes  the  water  with  which  it  comes  into  contact, 
thus,  round  each  fillet  is  formed  a  tube  of  ice,  through 
3h  you  can  see  the  liquid  metal  descending.  Tliese  ex- 
ments  might  be  multiplied  almost  indefinitely ;  but  enough 
been  done  to  illustrate  the  chilling  elTect  of  vaporization. 
[193)  I  have  now  to  direct  your  attention  to  another,  and 
'  singular  class  of  phenomena,  connected  with  the  prodiic- 
of  vapor.     On  the  table  is  a  broad  porcelain  basin,  B  (fig. 
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44),  filled  with  hot  water,  and  over  this  lamp  is  a  ligbt  i 
basin,  heated  to  redness.  If  the  silver  basin  be  placed  o 
water,  as  at  s,  what  will  occur?    You  might  naturally  i 

that  the  basin  will  impf 
heat  instantly  to  the  y 
and  be  cooled  down  t 
temperature  of  the  1 
But  nothing*  of  this  kii 
curs.  The  silver  for  a 
develops  a  sufiBcieot  ai 
of  vapor  underneath 
lift  it  entirely  out  of  o 
with  the  water;  or,  i 
language  of  the  hypothesis  developed  on  a  former  occas 
is  lifted  by  the  discharge  of  molecular  projectiles  agaii 
under  surface.  This  will  go  on,  until  the  temperature  * 
basin  sinks,  and  it  is  no  longer  able  to  produce  vapor  ( 
ficient  tension  to  support  it  Then  it  comes  into  contac 
the  water,  and  the  ordinary  hissing  of  a  hot  metal,  to| 
with  the  cloud  which  forms  overhead,  declares  the  fact 

(194)  Let  us  now  reverse  the  experiment,  and,  inst< 
placing  the  basin  in  water,  place  water  in  the  basin — 1 
all,  however,  heating  the  latter  to  redness  by  a  lamp, 
hear  no  noise  of  ebullition,  no  hissing  of  the  water,  as  i 
into  the  hot  basin ;  the  drop  rolls  about  on  its  own  vt 
tliat  is  to  say,  it  is  sustained  by  the  recoil  of  the  mol 
projectiles,  discharged  from  its  under  siu'face.  I  withdr: 
lamp,  and  allow  the  basin  to  cool,  until  it  is  no  longer  i 
produce  vapor  strong  enough  to  support  the  drop.  The 
then  touches  the  metal ;  the  instant  it  does  so,  violent 
lition  sets  in,  and  the  cloud,  which  you  now  observe, 
above  the  basin. 

(195)  You  cannot,  from  your  present  position,  sc 
flattened  spheroid  rolling  about  in  the  hot  basin ;  but ; 
be  shown  to  you,  and,  if  we  are  fortunate,  you  will  see 
thing  very  beautifiil.    There  is,  underneath  the  drop,  an 


tali  a«iuliHiwinl  rf  lifat  wUoh,  m  IumjwiiIIj,  mmfm 
fan  it  ktann^.  K  Ob  Mp  mt  upon  a  &ttUh  ubeo,  m 
fa  faeni  MMpa  fa  ra?  dWoolt,  die  t^xh-  will  taunt 
lp1fan^«lwaUfl0or4edra(k  Bat  nutten  mb  liera  w 
-|iiMgLa,«l»t  Ifav^av  ifadl  iMoe  btenllr;  aid  it  loine- 
k^TO*  *>w*  tfa«Hq>e  fa  tt^tkiBis;  Oa  v^oriaKiM 
fcwgjMT  ptdtw^  Md  ttwB  wg  ^Bif  dar  drop  o(f  witar  ■ould- 
■I  to  s  nwt  bemtiftd  nutto;  B  fatten  aoir^-».n»iiid 
^^  at  liqidd,  two  iiMbta  fa  dfameter,  with  k  bentifnDy 
■liiiliuil  hatdm.    Tluowb^  tfa  bewo  of  the  deetdo  bmp 


^  this  drop,  so  u  to  iUumiaste  it,  and  holding  this  lens 
Ofv  it,  I  hope  to  oast  its  image  on  the  ceOing,  or  on  the 
*nea.  It  is  now  perfectly  defined,  forming  a  figure  (fig.  45), 
^Viteen  inches  in  diameter,  with  the  vapor  breaking,  as  if  in 
■Xnc,  from  its  edge.  If  a  little  ink  be  added,  so  as  to  darken 
^  liquid,  the  definition  of  its  outline  is  augmented,  but  the 
PoHy  lustre  of  its  surface  is  lost.  I  withdraw  the  heat ;  the 
ondnUtioD  continues  for  some  time,  diminishing  gradually : 
*  border  finaOy  becomes  nnindented.  The  drop  is  now  per- 
*^y  motioDless — a  liquid  spheroid ;  and  now  it  suddenly 


14S  HEAT  AS  A  HODS  OF  HOnON. 

spreads  upon  tUe  surface,  for  cOHtaot  has  been  eetabliab 
the  "  spheroidal  condition  "  is  at  An  end. 

(196)  When  this  silver  basin  is  placed,  vith  its 
upward,  in  front  of  the  electric  lamp,  l;^  means  of  a 
front,  the  rounded  outline  of  the  basin  may  be  broug 
focus  on  the  scre^) ;  I  dip  this  bit  of  spooge  in  alco 
squeeze  it  over  the  cold  basin,  so  that  tiie  drops  fall  u 
surface  of  the  metal :  you  see  their  magnified  imag 
tlie  screen,  and  you  observe  that  when  they  strike  th< 
ed  basin  they  spread  out  and  trickle  down  along  i 
us  now  heat  the  basin  by  placing  a  lamp  imdem< 
Observe  what  occurs :  when  the  sponge  is  squeezed  tl: 
descend  as  before,  but,  when  they  come  iu  contact  i 
basin,  they  no  longer  spread,  but  roll  over  the  sui 
liquid  spheres  (fig.  46).  See  how  they  bound-  and 
as  if  they  had  falluQ  upon  elastic  springs ;  and  bo, 


tbey  have.  Every  drop,  as  it  strikes  the  hot  surface, « 
along  it,  develops  vapor  which  lifts  it  out  of  conta 
destroying  all  cohesion  between  the  surface  and  tl 


INTERVAL  BETWEEN  DBOP  AKD  HOT  SURFACE.       147 

■ad  enabling  the  latter  to  preserve  its  ^herical  or  spheroidal 
tbrm. 

(197)  The  arrsngemeDt  now  before  you  was  suggested  b; 
PiofesBor  Poggendorf^  and  shows,  in  a  very  ingenious  man* 
Mt,  the  iDterruptioQ  of  contact  between  the  spheroidal  drop 
ud  its  supporting  sur&ce.  From  this  silver  basin,  b  (fig.  47), 
atended  to  hold  the  drop,  a  wire,  to,  is  carried  round  yonder 
atgnetic  needle ;  the  other  end  of  the  galvanometer  wire  is 
■tbdied  to  one  end  of  this  battery,  a.  From  the  opposite 
pole  ot  the  little  battery  a  wire,  v)',  Is  carried  to  the  movable 
mn,  a  b,  of  this  Tetort-staad,  s.    I  heat  the  basin,  pour  in  the 


^tM,  :m<l  loner  the  wire  tilt  the  end  of  it  dips  into  tlic 
'PuMoidii!  ninss  :  you  sec  no  motion  of  the  galvanometer  nce- 
°'^',  still,  the  only  gap  in  the  entire  circuit  is  that  which  now 
*"sts  underneath  the  drop.  If  the  drop  were  in  contact,  the 
'^liffent  would  pass.  This  is  proved  by  withdrawing  the  lamp ; 
'*■  sjjlu-roidal  state  will  soon  end;  the  liquid  will  touch  the 
'""oiii.  It  now  docs  so,  and  the  needle  instantly  flies  aside. 
(IS8)  Vou  can  actually  see  the  intcn-al  between  the  drop 
""1  the  hot  surface  upon  which  it  rests.  A  private  experi- 
■"^it  may  be  made  in  this  way :  Let  a  flattiah  basin,  u  (lip. 
^)ibe  turned  upside  down,  and  let  the  bottom  of  it  be  slif^hl- 
V  indented,  so  as  to  be  able  to  bear  a  drop;  heat  the  basin 
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with  a  Bpirit-lamp,  and  plaoe  upon  it  a.  dn^  of  ink,  d, 
which  a  little  alcohol  has  been  mixed.  Stietcli  a  plati 
wire,  a  b,  vertically  behind  the  dtop,  and  render  the  win 


candescent,  by  sending  a  current  of  electricity  througl 
Brin^  your  eye  to  a  level  with  the  bottom  of  the  drop, 
you  will  be  able  to  see  the  red-hot  wire  through  the  int4 


between  the  drop  and  the  surface  which  supports  it.  Let 
show  you  this  interval.  I  place  a  heated  basin,  b  {&g.  i9) 
before,  with  its  bottom  upward,  in  froat  of  the  electric  I*>^ 
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and  bring  carefully  down  upon  it  a  drop,  (7,  dependent  from  a 
pipette.  When  it  seems  to  rest  upon  the  smface,  and  when  the 
lens  is  brought  to  its  proper  position  in  front,  jou  see  be- 
tween the  drop  and  the  silver  a  bright  line  of  light,  indicating 
that  the  beam  has  passed,  underneath  the  drop,  to  the  screen* 

(199)  The  spheroidal  condition  was  first  observed  by  Lei- 
denfrost^  and  fifty  other  illustrations  of  it  might  be  given, 
liquids  can  be  made  to  roll  on  liquids.  If  this  red-hot  copper 
ball  be  plunged  into  a  vessel  of  hot  water,  a  loud  sputtering 
18  pioduced,  due  to  the  escape  of  the  vapor  generated ;  still, 
tbe  oontaot  of  the  liquid  and  solid  is  not  established :  but  we 
wiD  let  the  ball  remain  until  it  cools,  the  liquid  at  length 
touches  it,  and  then  the  ebullition  is  so  violent  as  to  project 
the  water  fran  the  vessel  on  all  sides. 

(200)  M.  Boutigny  has  lent  new  interest  to  this  subject  by 
expanding  the  field  of  illustration,  and  applying  it  to  the. 
expluiation  of  many  extraordinary  effects.  If  the  hand  be 
^  it  may  be  passed  through  a  stream  of  molten  metal  with- 
9d  bjnry.  I  have  seen  M»  Boutigny  pass  his  wet  hand 
ttnKigh  a  stream  of  molten  iron,  and  toss  with  his  fingers  the 
A>ed  metal  from  a  crucible :  a  blacksmith  will  lick  a  white- 
to  iron  witheut  fear  of  burning  his  tongue.  The  tongue  is 
•fcctually  preserved  from  contact  with  the  iron,  by  the  vapor 
^ebped;  and  it  was  to  the  vapor  of  the  carbonic  acid,  which 
lUdded  me  from  its  contact,  that  I  owed  my  safety  when  the 
i(d)Btanoe  was  put  into  my  mouth.  To  the  same  protective 
inflaence  many  escapes  from  the  fiery  ordeal  of  ancient  times 
ktfe  been  attributed  by  M.  Boutigny.  It  may  be  added,  that 
Ae  explanation  of  the  spheroidal  condition,  given  by  M.  Bou- 
tigny, has  not  been  accepted  by  scientific  men.  The  foregoing 
cipenments  reduce  its  cause  to  ocular  demonstration. 

(201)  Boiler  -  explosions  have  also  been  ascribed  to  the 
wtter  in  the  boiler  assuming  the  spheroidal  state ;  the  sudden 
development  of  steam,  by  subsequent  contact  with  the  heated 
■etal,  causing  the  explosion.  We  are  more  ignorant  of  these 
ftings  than  we  ought  to  be.   Experimental  science  has  brought 
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a  series  of  true  causes  to  light,  which  may  produce  these  ter- 
rible catastrophes,  but  practical  science  has  not  jet  deter- 
mined the  extent  to  which  they  actually  come  into  operation. 
TIic  effect  of  a  sudden  generation  of  steam  has  been  iUua^ 
trated  by  an  experiment  which  may  be  made  in  your  presenoa^ 
Here  is  a  copper  vessel,  y  (fig.  50),  with  a  neck  stopped  wit)^ 
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a  cork,  through  which  half  an  inch  of  fine  glass  tubing  passes. 
When  the  vessel  is  heated,  a  little  water  poured  into  it  as- 
sumes the  spheroidal  state.     The  vessel  is  then  corked,  the 
small  quantity  of  steam  developed,  while  the  water  remains 
spheroidal,  escaping  through  the  glass  tube.     On  removiDg 
the  vessel  from  the  lamp,  and  waiting  for  a  minute  or  two,tbe 
water  comes  into  contact  with  the  copper.     When  it  does  sOy 
the  cork  is  driven,  as  if  by  the  explosion  of  gunpowder,  to  * 
considerable  height  into  the  air. 

(202)  The  spheroidal  condition  enables  us  to  perform  the 
extraordinary  experiment  of  freezing  a  liquid  in  a  red-hot  vc^ 
sel.  M.  Boutigny,  by  means  of  sulphurous  acid,  first  fro^ 
water  in  a  red-hot  crucible;  and  Mr.  Faraday  sulisequentiy 
froze  mercury,  by  means  of  solid  carbonic  acid.  This  latt^' 
result  may  be  reproduced ;  but  first  let  me  operate  with  wat^*"' 
Here  is  a  hollow  sphere  of  brass,  about  two  inches  in  diarnete''"» 
now  accurately  filled  with  water.     Into  the  sphere  is  screw^" 


10  mass,  and  carefully  pile  frng-iiients  of  carbonic  acid 
.'I'lding  also  a  little  ether.  Tlie  pasty  substance,  witli- 
ed-hot  crucible,  remains  intensely  cold;  and  now  you 
?rack !  You  are  thereby  assured  that  the  experiment 
ceeded.  The  freezing  water  has  burst  the  brass  sphere, 
irst  the  iron  bottles  on  a  former  experiment.  Raising 
ere,  and  peeling  off  the  shattered  brass  shell,  you  have 
sphere  of  ice,  extracted  from  the  red-hot  crucible. 
])  I  place  a  quantity  of  mercury  in  a  conical  copper 
md  dip  it  into  the  crucible.  The  ether  in  the  crucible 
en  fire,  which  was  not  intended.  The  experiment  ought 
3  made,  that  the  carbonic-acid  gas — ^the  choke-damp  of 
-ought  to  keep  the  ether  firom  ignition.  But  the  mer- 
111  freeze  notwithstanding.  Out  of  the  fire,  and  through 
DC,  I  draw  the  spoon,  and  the  frozen  metal  is  now  be- 
u. 
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CHAPTER   VL 

ooxvicnoir  or  hsatsd  Ant^wnnM— «u  uppsb  and  lowxb  '*teadm"— imor  of 

TUK  BARTU'8  KOTATION  ON  THB  DIBKCTION  OF  WIND  -nfrUTXirOS  OF  AQVaOUl  TilW 
UPON  CLIMATB— BUBOPK  TlIE  OONOBXABB  OF  TBB  WBBTEBH  ATLAXTIO— KAJXFAU  0 
IBKLAND-THB  OtJLF  STRBAX-^WBHATION  OP  SNOV^FOBMATION  OP  ICX  FBtMl  UTOV— 
GLAOIBBA  — PHENOMENA  OP  OLAOIBB  MOTION  —  BBOBLATIOX—MOUUnNA  OW  MM  Wt 
PBKASURE  — ANCIENT  GLACICB0. 

(204)  nr  PROPOSE  devoting  an  hour  to^iay  to  the  consider 
-L  ation  of  some  of  the  thermal  phenomena  which  oo* 
cur,  on  a  large  scale,  in  Nature.  And  first,  with  regard  to 
winds.  You  see  those  sunbumers,  intended  to  illuminate  tliis 
room,  when  the  daylight  is  intercepted,  or  gone.  Not  to  give 
light  alone  were  they  placed  there,  but,  in  part,  to  promote 
ventilation.  The  air,  heated  by  the  gas-flames,  expands,  and 
issues  in  a  strong  vertical  current  into  the  atmosphere.  The 
air  of  the  room  is  thereby  incessantly  drawn  upon,  and  a  fresh 
supply  must  be  introduced  to  make  good  the  loss.  Our  chim- 
ney-draughts are  so  many  vertical  winds,  due  to  the  heating 
of  the  air  by  our  fires. 

(205)  Wheu  this  piece  of  brown  paper  is  ignited,  the  flame 
ascends ;  and,  wheu  the  flame  is  blown  out,  the  smouldering 
edges  warm  the  air,  and  prmluce  currents  which  oany  the 
smoke  upward.  T  dip  the  smoking  paper  into  a  lai^  glass 
vessel,  and  stop  the  neck  of  the  vessel  to  prevent  the  escape 
of  the  smoke ;  the  smoke  ascends  with  the  light  air  in  the 
middle,  spreads  out  laterally  above,  is  cooled,  and  falls,  like  a 
cascade  of  cloud,  along  the  sides  of  the  vesseL  When  this 
heavy  iron  spatula,  heated  to  dull  redness,  is  held  thus  in  the 
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r,  you  cannot  see  the  currents  of  air  ascending  from  it  But 
Bj  reveal  themselves  by  thefar  action  on  a  strong  light, 
idng  the  spatula  in  the  beam  of  the  electric  lamp,  its 
idow  is  thrown  on  the  screen,  and  those  waving  lines  of 
bt  and  shade  mark  the  streaming  upward  of  the  heated  air. 
tills  fragment  of  sulphur,  contained  in  an  iron  spoon,  be 
ited  until  it  ignites,  and  then  plunged  into  a  jar  of  oxjgen, 
)  combustion  becomes  brilliant  and  energetic,  and  the  air 
the  jar  is  thrown  into  intense  commotion.  The  fiimes  of 
I  sulphur  enable  you  to  track  the  storms,  which  the  heating 
the  air  produces  within  the  jar.  I  use  the  word  ^^  stcnms" 
isedly,  for  the  hurricanes  which  desolate  the  earth  are 
hing  more  than  large  illustrations  of  the  effect  produced  in 
I  glass  jar. 

(206)  From  the  heat  of  the  sun  our  winds  are  all  derived. 

live  at  the  bottom  of  an  adrial  ocean,  in  a  remarkable  de- 
3  permeable  to  the  sun's  rays,  and  but  little  disturbed  by 
if  direct  action.  But  those  rays,  when  they  faD  upon  the 
h,  heat  its  surface,  and,  when  they  fedl  upon  the  ocean, 
f  provoke  evaporation.  The  air  in  contact  with  the  sur- 
!  shares  its  heat,  is  expanded,  and  ascends  into  the  upper 
ions  of  the  atmosphere,  while  the  vapor  from  the  ocean 
'  ascends,  because  of  its  lightness,  carr3ang,  no  doubt,  air 
ig  with  it.  Wliere  the  rays  fall  vertically  on  the  earth, 
;  is  to  say,  between  the  tropics,  the  heating  of  the  surface 
greatest.  Here  atrial  currents  ascend  and  flow  laterally, 
h  and  south,  toward  the  poles,  the  heavier  air  of  the  polar 
ons  streaming  in  to  supply  the  place  vacated  by  the  light 

warm  air.  Thus,  we  have  an  incessant  circulation.  A 
days  ago,  the  following  experiment  was  made  in  the  hot 
Q  of  a  Turkish  bath :  I  opened  wide  the  door,  and  held  a 
ted  taper  in  the  dooi>way,  midway  between  top  and  bot- 
.  The  flame  rose  straight  from  the  taper.  When  placed 
he  bottom,  the  flame  was  blown  violently  inward ;  when 
«d  at  the  top,  it  was  blown  violently  outward.     Here  we 

two  currents,  or  winds,  sliding  over  each  other,  and  mov- 
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irx  in  :-pf^»ite  directions.  Thus,  also,  as  regaids  a  portion 
of  c^ir  beciisphere,  a  cunent  from  the  equator  sets  in  toward 
the  aordu  and  flows  in  the  higher  regions  of  the  atmospheie, 
wbik  another  flows  toward  the  equator,  in  the  lower  r^ons 
oc  lie  a:zc.^«phere.     These  are  the  upper  and  the  lower  Tnde 

^;^>T )  Were  the  earth  motionless,  these  two  currents  would 
r^n  dirwtiT  north  a^  soath,  but  the  earth  rotates  firom  west 
u^  east  rvxiad  its  axis,  once  in  twenty-four  hours.     In  yiiine  of 
this  7v^:a:ion,  the  air  at  the  equator  is  carried  round  with  a 
Yo!iX":tT  of  1,000  milt's  an  hour.     You  have  observed  what 
xakr^5  p!:ice  when  a  person  incautiouslj  stef»  out  of  a  carriage 
i:;  uK^iion.     He  shares  the  motion  of  the  carriage,  and  when 
his  ftvt  toaoh  the  earth  he  is  thrown  forward  in  the  directkm 
o:  the  nK»tion.     This  is  what  renders  leaping  from  a  railwaj 
i-arriaire,  when  the  train  is  at  full  speed,  almost  always  fiitaL 
As  we  withdraw  from  the  equator,  the  velocity  due  to  the 
earth^s   rotation   dloiinishes,  and  it  becomes  nothing  at  the 
^x^los^     It  is  prv»portional  to  the  radius  of  the  parallel  of  lati- 
tuiio,  and  diminishes  as  these  circles  diminish  in  size.    Im- 
agine, then,  an  individual  suddenly  transferred  from  the  equa- 
tor to  a  plaee  where  the  velocity,  due  to  rotation,  is  only  900 
miles  an  hour ;  on  touching  the  earth  here  he  would  be  thrown 
forward  in  an  easterly  direction,  with  a  velocity  of  100  miles 
an  hour,  this  lK*ing  the  difference  between  the  equatorial  ve- 
kxMtv  with  which  he  started,  and  the  velocity  of  the  earth's 
surface  in  his  new  locality. 

("208)  Similar  considerations  apply  to  the  transfer  of  »ff 
from  the  tHjiiatorial  to  the  northern  regions,  and  vice  tWW- 
At  the  equator  the  air  possesses  the  velocity  of  the  earth's 
surface  there,  and,  on  quitting  this  position,  it  not  onlj  hiS 
its  tentlencv  northward  to  obey,  but  also  a  tendency  to  the 
east  and  it  must  take  a  resultant  direction.  The  fuihff  i* 
goes  north,  the  more  it  is  deflected  from  its  original  course; 
the  more  it  turns  toward  the  east,  and  tends  to  become  what 
we  should  call  a  westerly  wind.     Tiie  opposite  holds  good  for 
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)  current  proceeding  JVom  Ihe  north ;  this  passes  from 
ices  of  slow  motion  to  plaoes  of  quick  motion:  it  is  met  by 
9  earth ;  hence,  the  wind  which  started  as  a  north  wind  bo- 
mes  a  northeast  wind,  and,  as  it  approaches  the  equator,  it 
comes  more  and  more  easterly.    • 

(209)  It  is  not  by  reasoning  alone  that  we  arriTO  at  a 
owledge  of  the  eziBtence  of  the  upper  atmospheric  current^ 
cnigh  reasoning  is  sufficient  to  show  that  compensation  must 
Ice  place  somehow — ^that  a  wind  cannot  blow  in  any  direo- 
m  without  an  equal  displacement  of  air  taking  place,  in  the 
poeite  direction.  But  clouds  are  sometimes  seen  in  the 
ipics,  high  in  the  atmosphere,  and  moving  in  a  direction  op- 
•ed  to  that  of  the  constant  wind  below.  Could  we  disdiarge 
light  body  with  sufficient  force  to  cause  it  to  penetrate  the 
west  current,  and  reach  the  higher,  the  direction  of  that 
dy's  motion  would  give  us  that  of  the  wind  above.  Hiunan 
-ength  cannot 'perform  this  experiment^  but  it  has  neverthe- 
»  been  made.  Ashes  have  been  shot  through  the  lower 
rrent  by  volcanoes,  and,  from  the  places  where  they  have 
bsequently  faUen,  the  direction  of  the  wind  which  carried 
em  has  been  inferred.  Professor  Dove,  in  bis  "  Witterungs 
srbUltnisse  von  Berlin,"  cites  the  following  instance :  "  On 
e  night  of  April  30th,  explosions  like  those  of  heavy  artil- 
ry  were  heard  at  Barbadoes,  so  that  the  garrison  at  Fort  St. 
Qne  remained  all  night  under  arms.  On  May  1st,  at  day- 
eak,  the  eastern  portion  of  the  horizon  appeared  clear,  while 
e  rest  of  the  firmament  was  covered  by  a  black  cloud,  which 
on  extended  to  the  east,  quenched  the  light  there,  and  at 
Dgth  produced  a  darkness  so  dense  that  the  windows  in  tlie 
oms  could  not  be  discerned.  A  shower  of  ashes  descended, 
ider  which  the  tree  branches  bent  and  broke.  Whence  came 
ese  ashes  ?  From  the  direction  of  the  wind,  we  should  infer 
at  they  came  from  the  Peak  of  the  Azores ;  they  came,  bow- 
er, from  the  volcano  Mome  Grarou  in  St.  Vincent,  which  lies 
K>ut  100  miles  west  of  Barbadoes.  The  ashes  had  been  cast 
to  the  current  of  the  upper  trade.     A  second  example  of  the 
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same  kind  ocourrcd  on  January  20, 1835.  On  the  24ih  and 
25th  the  sun  was  darkened  in  Jamaica  by  a  shower  of  fine 
ashes,  which  had  been  discharged  from  the  mountain  Cose- 
guina,  distant  800  miles.  The  people  learned  in  this  way  that 
the  explosions  previously  heard  were  not  those  of  artillery. 
These  ashes  could  only  have  been  carried  by  the  upper  cur- 
rent, as  Jamaica  lies  northeast  from  the  mountain.  The  same 
eruption  gives  also  a  beautiful  proof  that  the  ascending  air- 
current  divides  itself  above,  for  ashes  fell  upon  the  ship  Coih 
way,  in  the  Pacific,  at  a  distance  of  700  miles  southwest  of 
Ck)seguina. 

(210)  **  Even  on  the  highest  summits  of  the  Andes,**  con- 
tinues Dove,  '*  no  traveller  has  as  yet  reached  the  upper  trade. 
From  this  some  notiou  may  be  formed  of  the  force  of  the  ex- 
plosions ;  they  were  indeed  tremendous  in  both  instance& 
The  roaring  of  Coseguiua  was  heard  at  San  Salvador,  a  dis- 
tance of  1,000  miles.  Union,  a  seaport  on  the  west  coast  of 
Concliagua,  was  in  absolute  darkness  for  forty-tliree  hours ;  as 
light  began  to  dawn,  it  was  observed  that  the  sea-shore  had 
advanced  800  feet  upon  the  ocean,  through  the  mass  of  ashes 
which  had  fallen.  The  eruption  of  Mome  Garou  forms  the 
last  link  of  a  chain  of  vast  volcanic  actions.  In  June  and 
July,  1811,  near  St.  Miguel,  one  of  the  Azores,  the  island 
Subrina  rose,  accompanied  by  smoke  and  flame,  from  the  Mr 
torn  of  a  sea  150  feet  deep,  and  attained  a  height  of  300  feet, 
and  a  circumference  of  a  mile.  The  small  Antilles  were  after- 
ward shaken,  and  subsequently  the  valleys  of  the  Mississippif 
Arkansas,  and  Ohio.  But  the  elastic  forces  found  no  vent; 
they  sought  one,  then,  on  the  north  coast  of  Colombia.  March 
26lh  began  as  a  day  of  extraordinary  heat^  in  Caracas ;  the 
air  was  clear  and  the  firmament  cloudless.  It  was  Gkeen 
Tluirsday,  and  a  regiment  of  troops  of  the  line  stood  under 
arms  in  the  barracks  of  the  quarter  San  Carlos,  ready  to  join 
in  the  procession.  Tlie  people  streamed  to  the  churches.  A 
!oud  subterranean  thunder  was  heard,  and  immediately  after 
(vard  came  an  earthquake  shock  so  violent,  that  the  choroh  of 


ATMOSPBSRIG  CONDENSATION.  157 

Aha  Ghrada,  150  feet  in  height^  borne  by  pillars  fifteen  feet 
tbiok,  fiirmed  a  heap  of  onished  rubbish  not  more  than  six  feet 
high.  In  the  evening  the  almost  full  moon  looked  down  with 
mild  lustre  upon  the  ruins  of  the  town,  under  which  lay  the 
crushed  bodies  of  upward  of  10,000  of  its  inhabitants.  But 
even  here  there  was  no  exit  granted  to  the  elastic  forces  un- 
derneath. B^nallj,  on  April  27th,  they  succeeded  in  opening 
once  more  the  crater  of  Mome  Grarou,  which  had  been  closed 
for  a  century ;  and  the  earth,  for  a  distance  equal  to  that  from 
Vesuvius  to  Paris,  rang  with  the  thunder«hout  of  the  liberated 
prisoner.'* 

(211)  On  this  terrestrial  globe,  I  trace  with  my  hand  two 
meridians.  At  the  equator  of  the  globe  they  are  a  foot  aparf^ 
which  would  correspond  to  about  1,000  miles  on  the  ei^th's 
surface.  But  these  meridians,  as  they  proceed  northward, 
gradually  approach  each  other,  and  meet  at  the  north-pole. 
It  is  manifest  that  the  air  which  rises  between  these  meridians, 
in  the  equatorial  regions  must,  if  it  went  direct  to  the  pole, 
squeeze  itself  into  an  ever-narrowing  bed.  Were  the  earth  a 
cylinder,  instead  of  a  sphere,  we  might  have  a  circulation  from 
the  middle  of  the  cylinder  quite  to  each  end,  and  a  retum-Gui> 
rent  from  each  end  to  the  middle.  But  this,  in  the  case  of  the 
earth,  is  impossible,  simply  because  the  space  around  the  poles 
is  unable  to  embrace  the  air  from  the  equator.  The  cooled 
equatorial  air  sinks,  and  the  return-current  sets  in,  before  the 
poles  are  attained,  and  this  occurs  more  or  less  irregularly. 
The  two  currents,  moreover,  instead  of  flowing  one  over  the 
other,  often  flow  beside  each  other.  They  constitute  rivers  of 
air,  with  incessantly-shifting  beds. 

(212)  These  are  the  great  winds  of  our  atmosphere,  which, 
however,  are  materiaUy  modified  by  the  irregular  distribution 
of  land  and  water.  Winds  of  minor  importance  also  occur, 
through  the  local  action  of  heat,  cold,  and  evaporation.  Then; 
are  winds  produced  by  local  action  in  the  Alps,  which 
sometimes  rush  with  sudden  and  destructive  violence  down 
the  gullies  of  the  mountains :  gentler  down-flows  of  air  are 
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produced  by  the  presenoe  of  glaciers  upon  the  heights.  Tber0 
are  the  land-breeze  and  the  sea-breeze,  due  to  the  mf 
ing  temperature  of  the  seaboard  soil,  by  day  and  night  "Die 
morning  sun,  heating  the  land,  produces  vertical  displacemeat) 
and  the  air  from  the  sea  moves  landward.  In  the  evemog  the 
land  is  more  chilled  superficially,  by  radiation,  than  the  sei, 
and  the  conditions  are  reversed ;  the  heavy  air  of  the  land  now 
flows  seaward. 

(213)  Thus,  then,  a  portion  of  the  heat  of  the  trc^)ics  is  sent, 
by  an  aorial  messenger,  toward  the  poles,  a  more  equable  dis- 
tribution of  terrestrial  warmth  being  thus  secured*  But  in  its 
flight  northward  the  air  is  accompanied  by  another  substance 
■ — by  the  vapor  of  water,  which,  you  know,  is  perfectly  taaur 
parent.  Imagine  the  ocean  of  the  tropics,  giving  forth  its  n- 
])or,  which  promotes  by  its  lightness  the  ascent  of  the  assoa* 
ated  air.  Both  expand,  as  they  ascend :  at  a  height  of  16,000 
feet  the  air  and  vapor  occupy  twice  the  volume  which  tbey 
embraced  at  the  sea-leveL  To  secure  this  space  they  must, 
by  their  elastic  force,  push  away  the  air  in  all  directions  round 
them ;  they  must  perform  work  ;  and  this  work  cannot  be  pe^ 
formed,  save  at  the  exjxjnse  of  the  warmth  with  which  they 
wore,  in  the  first  instance,  charged. 

(214)  The  vapor,  thus  chilled,  is  no  longer  competent  to 
r(»tain  the  gaseous  form.  It  is  precipitated,  as  cloud:  the 
cloud  descends,  as  rain ;  and  in  the  region  of  calms,  or  directly 
under  tlie  sun,  where  the  air  is  first  drained  of  its  aqueous 
load,  the  descent  of  rain  is  enormous.  The  sun  does  not  re- 
main always  vertically  over  the  same  parallel  of  latitude— ^^ 
is  sometimes  north  of  the  equator,  sometimes  south  of  it,  the 
two  tropics  limiting  his  excursion.  When  he  is  south  of  the 
equator,  the  earth's  surface,  north  of  it,  is  no  longer  in  the  re- 
jj^ion  of  calms,  but  in  one  across  which  the  atrial  current  from 
the  north  flows  toward  the  region  of  calms.  Tlie  moving  JU^ 
is  but  slightly  charged  with  vapor,  and,  as  it  travels  from 
north  to  south,  it  becomes  ever  warmer ;  it  constitutes  a  dry 

fid,  and  its  capacity  to  retain  vapor  is  continually  augment- 
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iog.  It  is  plain,  from  these  considerations,  that  each  place 
between  the  tropics  must  have  its  dry  season  and  rainy  sea- 
son; dry,  when  the  sun  is  at  the  opposite  side  of  the  equator, 
and  wet,  when  the  sun  is  overhead. 

(215)  Gradually,  however,  as  the  upper  stream,  which 
rises  from  the  equator,  and  flows  toward  the  poles,  becomes 
shilied  and  dense,  it  sinks  toward  the  earth ;  at  the  Peak  of 
PeDerifle  it  has  already  sunk  below  the  summit  of  the  moan- 
am.  With  the  contrary  wind  blowing  at  the  base,  the  travel- 
er finds  the  wind  from  the  equator  blowing  strongly  over  the 
3p.  Farther  north  the  equatorial  wind  sinks  lower  still,  and, 
nally,  quite  reaches  the  surface  of  the  earth.  Europe,  for  the 
lost  part,  is  overflowed  by  this  equatorial  current.  Here,  in 
ondon,  for  eight  or  nine  months  in  the  year,  southwesterly 
inds  prevaiL  But  mark  what  an  influence  this  must  have 
x)n  our  climate.  The  moisture  of  the  equatorial  ocean  comes 
►  us,  endowed  with  potential  energy ;  with  its  molecules  sep- 
ate,  and  thercifore  competent  to  clash  and  develop  heat  by 
leir  collision ;  it  comes,  if  you  will,  charged  with  latent 
?at.  In  our  northern  atmosphere  condensation  takes  place, 
id  the  heat  generated  is  a  main  source  of  warmth  to  our  cli- 
ate.  Were  it  not  for  the  rotation  of  the  earth,  we  should 
ive  over  us  the  hot,  dry  blasts  of  Africa ;  but,  owing  to  this 
>tati(^n,  the  wind  which  starts  northward  from  the  Gulf  of 
[exico  is  deflected  to  Europe.  Europe  is,  therefore,  the  le- 
pient  of  those  stores  of  latent  heat  which  were  amassed  in 
ie  western  Atlantic.  The  British  Isles  come  in  for  the  great- 
>t  share  of  this  moisture  and  heat,  and  this  circumstance  adds 
self  to  that  already  dwelt  upon — ^the  high  specific  heat  of 
atf*r — to  preserve  our  climate  from  extremes.  It  is  this 
audition  of  things  which  makes  our  fields  so  green,  and  which 
Iso  gives  the  bloom  to  our  maidens'  cheeks. 

(21G)  Another  property  of  this  wonderful  substance,  to 
hic'h  is  probably  due  its  main  influence  as  a  meteorological 
g^^nt,  shall  be  examined  on  a  future  occasion.* 

•Sec  Chapter  XI. 
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(217)  Ab  we  travel  eastward  in  Europe,  the  amount  of 
aqueous  precipitation  grows  less  and  less ;  the  air  beoomee 
more  and  more  drained  of  its  moisture.  ESven  between  die 
east  and  west  coasts  of  our  own  islands,  the  diffeienoe  is  aen^ 
sible ;  local  circumstances,  also,  have  a  powerful  influence  on 
the  amount  of  precipitation.  Dr.  Lloyd  finds  the  mean  yeiilj 
temperature  of  the  western  coast  of  Ireland  to  be  aboot  two 
degrees  Fahr.  higher  than  that  of  the  eastern  coast  at  tiie 
same  elevation,  and  in  the  same  parallel  of  latitude.  The 
total  amount  of  rain  which  fell  in  the  year  1851,  at  varioos 
stations  in  the  island,  is  given  in  the  following  table : 


station. 
Portarlington, 
KUlough, 
Dublin, 
Athy,      . 
Donaghadce, 
CourtowD. 
Kilrush, 
Armagh, 
K  illy  begs,    . 
Dun  more, 
Portrush,     . 
Burincrana, 
Markrec, 
Castletownsend, 
Westport,     . 
Cahirciveen, 


Bala  in  Inches. 
21-2 
28*8 
26-4 
26-7 
27» 
29-6 
82*6 
881 
88*2 
33-5 
87*2 
89*3 
40-8 
42-6 
45-9 
69-4 


Lloyd  remarks : 
diversity  in   the  yearly 


With  reference  to  this  table,  Dr. 

(218)  "  1.  That  there  is  great 
amount  of  rain  at  the  different  stations,  all  of  which  (except- 
ing four)  are  but  a  few  feet  above  the  sea-level ;  the  greatest 
rain  (at  Cahirciveen)  being  nearly  three  times  as  great  as  the 
least  (at  Portarlington). 

(219)  *'  2.  That  the  stations  of  least  rain  are  either  inland 
or  on  the  eastern  coast,  while  those  of  the  greatest  rains  are 
at  or  near  the  western  coast. 
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(220)  "3.  That  the  amount  of  rain  is  greatly  depeudciit 
On  the  proximity  of  a  mountain  chain  or  group,  being  always 
Considerable  in  such  neighborhood,  unless  the  station  lie  to 
tlie  northeast  of  the  same. 

^  Thus,  Portarlington  lies  to  the  northeast  of  Slievebloom ; 
KiUou^h  to  the  northeast  of  the  Moume  range;  Dublin, 
northeast  of  Wicklow  range,  and  so  on.  On  the  other  hand, 
the  stations  of  greatest  rain,  Cahirciveen,  Castletownsend, 
^ertport,  etc.,  are  in  the  yicinity  of  high  mountains,  but  on  a 
tfferent  side."  * 

(221)  This  distribution  of  heat  by  the  transfer  of  masses  of 
heated  air  from  place  to  place,  is  called  ^'  convection^^  in  con- 

Fio.  51. 


t«radistinction  to  the  process  of  conduction,  which  will  be 
^  reated  in  its  proper  place.  Heat  is  distributed  in  a  similar 
^^anner  through  liquids.  This  glass  cell,  c  (fig.  51),  contains 
'^arm  water.  Placed  in  front  of  the  electric  lamp,  by  means 
of  a  converging  lens,  a  magnified  image  of  the  cell  is  thrown 
Upon  the  screen.  I  now  introduce  the  end  of  this  pipette  in- 
to the  water  of  the  cell,  and  allow  a  little  cold  water  gently  to 
Winter  it.  The  difference  of  refraction  between  the  two  enables 
you  to  see  the  heavy  cold  water  falling  through  the  lighter 

.  ♦  The  greatest  rainfall  recorded  by  Sir  John  Ucrschcl  in  his  tabic  (Mete- 
orology, 110,  etc.)  occurs  at  Cherra  Pungee,  "where  the  annual  fall  is  nOii 
inches.  It  is  not  my  object  to  enter  far  into  the  subject  of  meteorology ; 
far  the  fullest  and  most  accurate  information  the  reader  will  refer  to  the  ex- 
cellent workij  of  Sir  John  Ucrschcl  and  Professor  Dove. 
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warm  water.  The  experimeDt  suooeeds  still  better  when  i 
fragment  of  ice  is  allowed  to  float  upon  the  sur£ftce  of  the 
water.  As  the  ice  melts,  it  sends  long  heavy  stnse  downwud^ 
to  the  bottom  of  the  cell.  I  now  reverse  the  experiment] 
placing  cold  water  in  the  cell,  and  hot  water  in  the  pipeita^ 
Care  is  here  necessary  to  allow  the  warm  water  to  enter  wi^  j 
out  any  momentum,  which  would  carry  it  mechanically  dom] 
You  notice  the  effect.  The  point  of  the  pipette  is  in  the 
(lie  of  the  cell,  and  as  the  warm  water  enters,  it  speedily  tuni- 
upward  (fig.  52)  and  spreads  out  at  the  top,  almost  as  ol 
would  do,  under  the  same  circumstances. 

(^'ZTj  When  a  vessel,  containing  water,  is  heated  at  tto 
bottom,  the  warmth  communicated  is  diffused  by  convection 
You  may  see  the  direction  of  the  ascending  warm  currents  If 


Fig.  C2. 


iiu'aiis  of  the  electric  lamp,  and  also  that  of  the  cuircfflts 
wliieh  descend  to  occupy  the  place  of  the  lighter  water.  Here 
is  a  vessel,  containing  cochineal,  the  fragments  of  whicSi 
being  not  much  heavier  than  the  water,  freely  follow  the 
direction  of  its  currents.  The  pieces  of  cochineal  break  loo« 
from  the  heated  bottom,  ascending  along  the  middle  of  A* 
jar,  and  descending  again  by  the  sides.  In  the  Greyser  of  lo^  * 
land  this  convection  occurs  on  a  grand  scale.  A  fragment  rf 
pajxir  thrown  upon  the  centre  of  the  water  which  fills  the 
I)ipe,  is  instantly  drawn  toward  the  side,  and  there  sucked 
down  by  the  desceudhig  current. 
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(223)  Partly  to  this  cause,  and  partly,  perhaps,  to  the 
•ctioQ  of  winds,  currents  establish  themselves  in  the  ocean, 
and  powerfully  influence  climate,  by  the  heat  which  they  dis- 
tribute. The  most  remarkable  of  these  currents,  and  by  far 
die  most  important  for  us,  is  the  Gulf  Stream,  which  sweeps 
Msross  the  Atlantic,  from  the  equatorial  regions,  through  the 
jrulf  of  Mexico,  whence  it  derives  its  name.  As  it  quits  the 
knits  of  Florida  it  has  a  temperature  of  83^  Fahr.,  thence 
t  follows  the  coast  of  America  as  far  as  Cape  Fear,  whence 
t  starts  across  the  Atlantic,  taking  a  northeasterly  course, 
ind,  finally,  washing  the  coast  of  Ireland,  and  the  north- 
restem  shores  of  Europe  generally.  As  might  be  expected, 
he  influence  of  this  body  of  warm  water  makes  itself  most 
evident  during  our  winter.  It  then  entirely  abolishes  the 
lifference  of  temperature,  due  to  the  difference  of  latitude  of 
lorth  and  south  Britain ;  if  we  walk  from  the  Channel  to 
he  Shetland  Isles,  in  January,  we  encounter  everywhere  the 
lame  temperature.  Tlie  isothermal  line  runs,  then,  north  and 
louth.  The  presence  of  this  water  renders  the  climate  of 
Western  Europe  totally  different  from  that  of  the  opposite 
?oast  of  America.  The  river  Hudson,  for  example,  in  the 
atitude  of  Rome,  is  frozen  for  three  months  in  the  year. 
5tarting  from  Boston  in  January,  and  proceeding  round  St. 
fohn's,  and  thence  to  Iceland,  we  meet  everywhere  the  same 
emperature.  The  harbor  of  Hammerfest  derives  great  value 
rom  the  fact,  that  it  is  clear  of  ice  all  the  year  round.  This 
3  due  to  the  Gulf  Stream,  which  sweeps  round  the  North 
]Jape,  and  so  modifies  the  climate  there,  that  at  some  places, 
»y  proceeding  northward,  you  enter  a  warmer  region.  The 
ontrast  between  Northern  Europe  and  the  east  coast  of  Arner- 
»  caused  Halley  to  surmise,  that  the  north-pole  of  the  earth 
ad  shifted ;  that  it  was  formerly  situate  somewhere  near  Beh- 
ing's  Straits,  and  that  the  intense  cold,  observed  in  these 
3gions,  is  really  the  cold  of  the  ancient  pole,  which  had  not 
een  entirely  subdued  since  the  axis  changed  its  direction, 
►ut  now  we  know  that  the  Gulf  Stream,  and  the  diffusion 
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of  heat  by  winds  and  vapors,  are  the  real  causes  of  Eu 
mildness.  On  the  western  coast  of  America,  betwe 
Rocky  Mountains  and  the  ocean,  we  find  a  Europe 
mate. 

(224)  Europe,  then,  is  the  condenser  of  the  Atlanti 
the  mountains  are  the  chief  condensers  in  Europe.  Oe 
moreover,  when  thef  are  sufficiently  high,  the  condense< 
descends,  not  in  a  liquid,  but  a  solid  form.  Let  us  look 
water  in  its  birthplace,  and  follow  it  through  its  subc 
cour::e.  Clouds  float  in  the  air,  and  hence  has  arisen  t 
mise  that  they  are  composed  of  vesicles  of  bladders  or 
thus  forming  sJkelU  instead  of  ^heres.  It  is  certain,  he 
that  if  the  particles  of  water  be  sufficiently  small  they  w 
for  an  indefinite  period  without  being  vesicular.  It  is  a 
tain  that  water-particles  at  high  elevations  possess,  on  < 
precipitation,  the  power  of  building  themselves  into  < 
line  forms ;  they  thus  bring  forces  into  play  which  w 
hitherto  been  accustomed  to  regard  as  molecular,  and 
could  not  be  ascribed  to  the  aggregates  necessary  t 
vesicles. 

(225)  Snow,  perfectly  formed,  is  not  an  irregular  agg 
of  ice-particles ;  in  a  calm  atmosphere,  the  atoms  arrange 
selves,  so  as  to  form  the  most  exquisite  figures.  Yoi 
seen  those  six-petalled  flowers,  which  show  themselves 

*^  a  block  of  ice,  when  a  beam  of  heat  is  sent  through  it 

snow-crystals,  formed  in  a  calm  atmosphere,  are  built  up 

^'  same  type ;  the  molecules  arrange  themselves  to  form  hex 

stars.    From  a  central  nucleus  shoot  six  spiculse,  eveiy  1 

>j  which  are  separated  by  an  angle  of  60^.    From  these  centi 

smaller  spiculse  shoot  right  and  left,  with  unerring  fide 
the  angle  60°,  and  from  these  again  other  smaller  ones  d 
at  the  same  angle.  The  six-leaved  blossoms  assiune  th< 
wonderful  variety  of  form ;  their  tracery  is  of  the  finest 
gauze ;  and  round  about  their  comers  other  rosettes  of  s 
dimensions  often  cling.  Beauty  is  superposed  upon  b 
as  if  Nature,  once  committed  to  her  task,  took  delij 
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showing,  even  within  the  narrowest  limits,  the  wealth  of  her 

leaouroes.* 

(226)  These  frozen  blossoms  constitute  our  mountain 
mows ;  they  load  the  Alpine  heights,  where  their  frail  archi- 
leotoie  is  soon  destroyed  by  the  weather.  Every  winter  they 
UI,  and  every  summer  they  disappear,  but  this  rhythmic  ao- 
tioD  does  not  perfectly  compensate  itsell  Below  a  certain 
ine,  waimih  is  predominant,  and  the  quantity  which  falls 
ffery  winter  is  entirely  swept  away ;  above  this  line,  cold  is 
vedominant;  the  quantity  which  falls  is  in  excess  of  the 
[oantity  melted,  and  an  annual  residue  remains.  In  winter 
he  snows  reach  to  the  plains ;  in  summer  they  i^treat  to  the 
now4ine — ^to  that  particular  line  where  the  snow-fall  of  every 
lear  is  exactly  balanced  by  the  consumption,  and  above  which 
I  the  region  of  eternal  snows.  But,  if  a  residue  remains  an- 
nally  above  the  snow-line,  the  mountains  must  be  loaded 
rith  a  burden  which  increases  every  year.  Supposing,  at  a 
larticular  point  above  the  line  referred  to,  a  layer  of  three  feet 
,  year  to  be  added  annually  to  the  mass ;  this  deposit,  accu- 
nulating  even  through  the  brief  period  of  the  Christian  era, 
rould  produce  an  elevation  of  5,580  feet.  And  did  such  ac- 
umulations  continue  throughout  geologic,  instead  of  historic 
ges,  we  cannot  estimate  the  height  to  which  the  snows 
rould  pile  themselves.  It  is  manifest  that  no  accumulation 
if  this  kind  takes  place ;  the  quantity  of  snow  on  the  moun- 
ains  is  not  augmenting  in  this  way.  By  some  means  or  other 
he  sun  is  prevented  from  lifting  the  ocean  out  of  its  basins, 
nd  piling  its  waters  permanently  upon  the  hills. 

(227)  How  then  is  this  annually  augmenting  load  taken 
tff  the  shoulders  of  the  mountains  ?  The  snows  sometimes 
letaoh  themselves,  and  rush  down  the  slopes  in  avalanches, 
nelting  to  water  in  the  warmer  air  below.  But  the  violent 
ush  of  the  avalanche  is  not  their  only  motion ;  they  also  creep, 
y  almost  insensible  degrees,  down  the  slopes.     As  layer, 

♦  Soe  %.  58,  in  which  are  copied  some  of  the  beautiful  drawiiipa  df  Mr. 
flaiHlicT. 
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cover,  heaps  itself  upon  layer,  the  deeper  portions  of  the 
3  become  squeezed   and  consolidated  ;  the  air,  first  en- 
ped  in  the  meshes  of  the  snow,  is  squeezed  out,  and  the 
pressed  mass  approximates  more  and  more  to  the  character 
e.     You  know  how  the  granules  of  a  snowball  will  adhere ; 
jou  know  how  hard  you  can  make  the  ball  if  mischievous- 
iclined.    The  snowball   is  incipient  ice  ;  augment  your 
sure,  and  you  actually  convert  it  into  ice.    But  even  after 
iS  obtained  a  compactness  which  would  entitle  it  to  be 
d  ice,  it  is  still  capable  of  yielding  more  or  less,  as  the 
r  yields,  to  pressure.     When,  therefore,  a  sufficient  depth 
le  substance  collects  upon  the  earth's  surface,  the  lower 
ona  are  squeezed  out  by  the  pressure  of  the  upper  ones, 
if  the  snow  rests  upon  a  slope,  it  will  yield  principally  in 
Urection  of  the  slope,  and  move  downward. 
128)  This  motion  is  incessantly  going  oh  along  the  slopes 
rery  snow-Laden   mountain ;    in   the   Himalayas,  in  the 
s,  in  the  Alps ;  but  in  addition  to  this  motion,  which  dc- 
upon  the  power  of  the  substance  itself  to  yield  to 
re   there  is  also  a  sliding  motion  over  the  inclined  bed. 
nsolicliited  snow  moves  bodily  over  the  mountain-slope, 
rr  off  the  asf)crities  of  the  rocks,  and  polishing  their 
%ces.      The  under  surface  of  the  mighty  polisher  is  also 
nd  farrowed  hy  the  rocks  over  which  it  has  passed ; 

wanner  re- 


le 


compacted  snow  descends,  it  enters  a 


is  reached,  it  is  wholly  cut  off  by  fusion.^    Some- 
^""^'Tnt  down;  i»  theseValleys  it  is  further  consol- 


laro-e    and   deep   valleys   receive   the  gelid 


..  r-oniously  melted,  and  sometimes,  before  the  base 

?\ 
''*h'rou"h*them'it"mov^srat"'a  slow  but  measurable 
r^n'all  its  motions  those  6t  a  river.  The  ice 
''"rr-Lr  b(-Vond  the  limits  of  perpetual  snow,  until, 
T  consumption  below  equals  the  supply  above, 
^""J^t  the  glacier  ceases.  From  the  snov^-^lne 
,Cmmer  we  have  ice;  above  the  snow-line  botH 
\^intcr,  we  have,  on  the  surface,  mow.     1  tie  po 
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tion  below  the  snow-line  is  called  a  glacier ;  that  aboYe  tli0 
snow-line  is  called  the  nivi»  The  n^v^,  then,  is  the  feeder  of 
the  glacier. 

(229)  Several  val]e3r8y  thus  filled,  may  unite  in  a  aia|^ 
vallejy  the  tributary  glaciers  welding  themselyes  together  \tt 
form  a  trunk-glader.  Both  the  main  vallej  and  its  tribotmi:: 
arc  often  sinuous,  and  the  tributaries  must  change  their  dm- 
tion  to  form  the  trunk.  The  width  of  the  vallej,  also,  oto 
changes :  the  glacier  is  forced  throu^  narrow  gorges,  wide» 
ing  after  it  has  passed  them ;  the  centre  of  the  glader  moiw 
more  quickly  than  the  sides,  and  the  surface  more  qoiddf 
than  the  bottom.  The  point  of  swiftest  motion  follows  tki 
same  law  as  that  observed  in  the  flow  of  rivers,  chaagiif 
from  one  side  of  the  centre  to  the  other,  as  the  flexure  of  te' 
valley  changes.  Most  of  the  great  glaciers  in  the  Alps  ImM^ 
in  summer,  a  central  velocity  of  two  feet  a  day.  There  i» 
points  on  the  MeiMle-Glace,  opposite  the  Montanveit^  whiflk 
have  a  daily  motion  of  thirty  inches  in  summer,  and  in  winter 
have  been  found  to  move  at  half  this  rate. 

(230)  The  power  of  accommodating  itself  to  the  diainMl 
through  which  it  moves,  has  led  eminent  men  to  assume  thflk 
ice  is  viscous ;  and  the  phenomena  at  first  sight  seem  to  fl* 
force  this  assumption.  The  glacier  widens,  bends,  and  dh^ 
rows,  and  its  centre  moves  more  quickly  than  its  sides;  i 
viscous  mass  would  undoubtedly  do  the  same.  But  the  mo^ 
delicate  experiments  on  the  capacity  of  ice  to  yield  to  stniSi 
to  stretch  out  like  treacle,  honey,  or  tar,  have  failed  to  detect 
this  stretching  power.  Is  there,  then,  any  other  phyacil 
(|uality  to  which  the  power  of  accommodation,  possessed  by 
glacier  ice,  may  be  referred  ? 

(231)  Let  us  approach  this  subject  gradually.  We  ksQ*^ 
that  vapor  is  continually  escaping  from  the  free  sur&oe  of  ^ 
liquid ;  that  the  particles  at  the  surface  attain  their  gtecoiM 
liberty  sooner  than  the  particles  within  the  liquid ;  it  ifl  m*" 
ural  to  expect  a  similar  state  of  things  with  regard  to  icej 
that  when  the  temperature  of  a  mass  of  ice  is  uniformly  ang* 
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neoted,  the  first  paitides  to  attain  liquid  liberty  will  be  those 
i  the  8ur£Aoe;  for  here  thej  are  entiielj  free,  on  one  side, 
too  the  controlling  action  of  the  surrounding  partidea.  Sup- 
OfiDg,  then,  two  pieces  of  ice,  raised  througfaout  to  83°,  and 
lelting,  at  this  temperature,  at  their  surfiiuses ;  what  may  be 
qpeoted  to  take  place  if  we  place  the  liquefying  surfaces  dose 
gether?  We  thereby  virtuaUy  transfer  these  sur£Mses  to  the 
Dtre  of  the  ice,  where  the  motion  of  each  molecule  is  con- 
died,  all  round,  by  its  neighbors.  As  might  reasonably  be 
pected,  the  liberty  of  liquidity,  at  each  point  where  the  sur- 
es  touch  each  other,  is  arrested,  and  the  two  pieces  freeze 
nether  at  these  points.  Let  us  make  the  experiment :  Here 
)  two  masses  just  out  asunder  with  a  saw;  I  place  their  flat 
r&ces  together;  a  second's  contact  will  suflSce;  they  are 
IT  frozen  together,  and  by  taking  hold  of  one  of  ihem  I  ihus 
:  them  both. 

(232)  This  is  the  effect  to  which  attention  was  first  directed 
Mr.  Faraday,  in  June,  1850,  and  which  is  now  known  under 
3  name  of  Megdatian,*  On  a  hot  summer's  day  I  have  gone 
o  a  shop  in  the  Strand,  where  fragments  of  ice  were  exposed 
a  basin  in  the  window ;  and,  with  the  shopman's  permis- 
>ii,  have  laid  hold  of  the  topmost  piece  of  ioc,  and,  by  means 
it,  have  lifted  the  whole  of  the  pieces  bodily  out  of  the 
th.  Though  the  thermometer  at  the  time  stood  at  80^,  the 
^ces  of  ice  had  frozen  together  at  their  points  of  junction. 
nen  under  hot  water  this  effect  takes  place.  This  basin  con- 
ns water  as  hot  as  my  hand  can  bear ;  I  plunge  into  it  these 
o  pieces  of  ice,  and  hold  them  together  for  a  moment :  they 
3  now  frozen  together,  notwithstanding  the  presence  of  tlie 
ated  liquid.  A  pretty  experiment  of  Mr.  Faraday's  con- 
its  in  placing  a  number  of  small  fragments  of  ice  in  a  dish 
water  deep  enough  to  float  them.  When  one  piece  touches 
;  other,  even  at  a  single  point,  regelation  instantly  sets  in. 
us,  a  train  of  pieces  may  be  caused  to  touch  each  other, 

»  A  term  Bngfj^eBtcd  by  Dr.  Hooter  to  Mr.  Huxley  and  myBclf  op  the  pub- 
tion  of  our  first  paper  upon  glocierii. 
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and,  after  thej  have  once  so  touched,  you  may  take  tl 
ininal  piece  of  the  train,  and,  by  means  of  it,  draw ; 
others  after  it.  When  we  seek  to  bend  two  pieces,  thus 
at  their  point  of  junction,  the  frozen  points  suddenly  sc 
by  fracture,  but,  at  the  same  moment,  other  points  coo 
contact,  and  regelation  sets  in  between  them.  Thus  a 
of  ice  might  be  caused  to  roll  on  an  ice  sur£BU)e,  the  o 
being  incessantly  ruptured,  with  a  crackling  noise,  and 
as  quickly  established  by  regelation.  In  virtue  of  thi 
erty  of  regelation,  ice  is  able  to  reproduce  many  of  th 
uomena  which  are  usually  ascribed  to  viscous  bodies. 

(233)  Here,  for  example,  is  a  straight  bar  of  ice :  b 
ing  it  successively  through  a  series  of  moulds,  eacl 
curved  than  the  last,  it  is  finally  turned  out  as  a  sen 
The  straight  bar,  on  being  squeezed  into  the  curved 
breaks ;  but  by  continuiDg  the  pressure,  new  surface! 
into  contact,  and  the  continuity  of  the  mass  is  reston 
handful  of  those  small  ice-fragments,  when  squeezed  to| 
freeze  at  their  points  of  contact,  and  form  one  agg 
The  making  of  a  snowball,  as  remarked  by  Mr.  Faradaj 
trates  the  same  principle.  In  order  that  this  freezin| 
take  place,  the  snow  ought  to  be  at  32°,  and  moist 
below  32®,  and  dry,  on  being  squeezed  it  behaves  lik 
The  crossing  of  snow-bridges,  in  the  upper  regions 
Swiss  glaciers,  is  often  rendered  possible  solely  by  the 
tion  of  the  snow-granules.  The  climber  treads  down  th 
carefully,  and  causes  its  granules  to  regelate :  he  thus  ( 
an  amount  of  rigidity  which,  without  the  act  of  rege 
would  be  quite  unattainable.  To  those  unaccustomed  i 
work,  the  crossing  of  snow-bridges,  spanning,  as  the}/ 
do,  fissures  of  100  feet,  and  more,  in  depth,  must  appea 
appalling. 

(234)  When  this  mass  of  ice-fragments  is  still  i 
squeezed,  they  are  brought  into  closer  proximity.  My 
however,  is  incompetent  to  squeeze  them  very  closely  tof 
Placing  them  in  this  boxwood  mould,  which  is  a  shalk 
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in 


bder,  ind  iiiserting  a  fiat  pieoe  of  boxwood  overhead,  I  intza- 
iax  ixrth  betfreen  the  plates  of  a  small  hjdrsulio  presa,  and 
■quene  the  mass  forcibly  into  tbe  mould.  Hie  substance  is 
cniTated  hj  the  pressure  into  a  coherent  cake  of  ice.    We 


M  [dice  it  in  this  lenticular  cavity  and  again  squeeze  it.  It 
>  cnuhed  by  the  pressure,  of  oourse,  bnt  new  contaots  are 
Obblished,  and  now  the  mass  is  turned  into  a  lens  of  ice. 
ut  us  now  transfer  the  lens  to  this  hemispherical  cavity,  u 
(ifr.  &i),  bring  down  upon  it  a  liembpherical  protuberance,  p, 
■liich  is  not  quite  able  to  fill  the  cavity,  and  squeeze  the 
lun:  the  ice,  which  a  moment  ago  was  a  lens,  is  now  pressed 
inio  the  space  between  the  two  spherical  surfaces :  on  remov- 
■■g  the  protuberance,  you  see  the  interior  sur&ce  of  a  cup  of 
glusy  ice.  When  detached  from  the  mould,  it  is  a  hemt< 
lAwical  cup,  which  may  be  filled  with  cold  wine,  without  tin! 


"cape  of  a  drop.  I  scrape,  with  a  chwcl,  a  quantity  of  Ice 
^"rni  this  blo'k,  and,  placing  the  spongy  mass  within  this 
•lAerical  cavity,  c  (fig.  55),  squeeze  it  and  add  to  it,  till,  finally, 
"7  bringing  down  upon  it  another  sphnrit-al  cnvlty,  i>,  it  is  en- 
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dosed  as  a  sphere  between  both.  As  the  press  is  worked,  tk 
substance  becomes  more  and  more  compact.  I  add  more  ma- 
terialy  and  again  squeeze ;  bj  every  such  act  the  mass  \b  made 
harder,  and  now  jou  have  a  snowball  before  you  sudi  as  jou 
never  saw  before.  It  is  a  sphere  of  hard,  translucent  ice,  & 
Thus,  you  see,  broken  ice  can  be  compacted  together  by  press- 
ure, and,  in  virtue  of  the  property  of  regelation,  whidi  cemeota 
its  touching  surfaces,  the  substance  may  be  made  to  take  anj 
shape  we  please.  Were  the  experiment  worth  the  trouble, 
a  rope  of  ice  might  be  formed  from  this  block,  and  afterward 
coiled  into  a  knot.  Nothing,  of  course,  can  be  easier  than  to 
produce  statuettes  of  the  substance  from  suitable  moulds. 

(235)  It  is  easy  to  understand  how  a  substance  so  en- 
dowed can  be  squeezed  through  the  gorges  of  the  Alps— can 
bend  so  as  to  accommodate  itself  to  the  flexures  of  the  Alpine 
valleys,  and  can  permit  of  a  differential  motion  of  its  parts, 
without,  at  the  same  time,  possessing  a  sensible  trace  of  via* 
cosity.  The  hypothesis  of  viscosity,  first  started  by  Rendu, 
and  worked  out  with  such  ability  by  Prof.  Forbes,  accouDts, 
certainly,  for  half  the  facts.  Where  pressure  comes  into  plaf) 
the  deportment  of  ice  is,  apparently,  that  of  a  viscous  body; 
where  tension  comes  into  play,  the  analogy  with  a  viscous 
body  ceases.* 

('^36)  I  have  thus  briefly  sketched  the  phenomena  of  ex- 
isting glaciers,  as  far  as  they  are  related  to  our  present  sub- 
ject ;  but  the  scientific  explorer  of  mountain-regions  soon 
meets  with  appearances,  which  carry  his  mind  back  to  a  state 
of  things  very  diflferent  from  that  of  the  present  day.  The  uD" 
mistakable  traces  which  they  have  left  behind  them  show  that 
vast  glaciers  once  existed,  in  places  from  which  they  have  fo' 
ages  disappeared.  6o,  for  example,  to  the  glacier  of  the  Aar 
in  the  Bernese  Alps,  and  observe  its  present  performances; 
look  to  the  rocks  upon  its  flanks  as  they  are  at  this*  moment, 
rounded,  polished,  and  scarred  by  the  moving  ice.     And,  ba^' 

*  For  further  information  regarding  the  gladal  phenomena,  I  must  i^ 
the  reader  to  tlie  "  Qlaciers  of  the  Alps,"  Murray,  London. 
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^  by  patient  and  varied  exercise  educated  your  eje  aud 

judgment^  in  these  matters,  walk  down  the  glacier  toward  its 

cod,  keeping  always  in  view  the  evidences  of  glacier  action* 

ASbet  quitting  the  ice,  continue  your  walk  down  the  valley 

toward  tiie  Ghimsel:  you  see  everywhere  the  same  unmis- 

tekabb  reoofd.    llierodcs  which  rise  from  the  bed  of  the  val* 

ley  are  rounded  Uke  bogs'  badcs ;  these  are  the  **roches  mour 

tonte'*  <^  Oiarpentier  and  Agassiz ;  you  observe  upon  them 

the  larger  flutings  of  the  ice,  and  also  the  smaller  scars, 

•ontdied  by  peUileSiVhibh  the  glacier  held  as  a  kind  of 

emery  on  its  under  surfiMse.    All  the  rodcs  of  the  Ghrimsel 

bate  been  thus  phned  down*    Walk  down  the  valley  of  Hasli 

and  examine  the  mountain-sides  right  and  left ;  without  the 

heyi  whioh  I  now  suppose  you  to  possess,  you  would  be  in  a 

knd  of  enigmas;  but  witii  this  kej  all  is  plain — you  see 

everywhere  the  well4cnown  soars  and  flutings  and  fiirrowings. 

Ii  tfie  bottom  of  the  valley  you  have  the  rocks  filed  down,  in 

tone  places^  to  dome-shaped  masses,  and,  in  others,  polished 

•oanootUy  that  to  pass  over  them,  even  when  the  inclination 

ii  moderate,  steps  must  be  hewn*    All  the  way  down  to  Mey- 

liagen,  and  beyond  it,  if  you  wish  to  pursue  the  inquiry,  these 

endenoes  abound.    For  a  preliminary  lesson  in  recognizing 

tike  traces  of  ancient  glaciers,  no  better  ground  than  this  can 

be  chosen* 

(237)  Similar  evidences  are  found  in  the  valley  of  the 
Bhone ;  you  may  track  them  through  the  valley  for  eighty 
iniles,  and  lose  them  at  length  in  the  Lake  of  Greneva.  But 
<A  the  flanks  of  the  Jura,  at  the  opposite  side  of  the  Canton 
^  Vaod,  the  evidences  reappear.  All  along  these  limestone 
Aypes  are  strewn  the  granite  bowlders  of  Mont  Blanc.  Right 
^  left,  also,  from  the  great  Rhone  Valley,  the  lateral  valleys 
*W  that  they  were  once  filled  with  ice.  On  the  Italian 
^  of  the  Alps  the  remains  are,  if  possible,  more  stupendous 
^  those  on  the  northern  side.  Grand  as  the  present  glaciers 
"^^  to  those  who  explore  them  to  their  full  extent,  they  are 
iiiere  pigmies  in  comparison  with  their  predecessors. 


IT4  oL^Z  j5  a  I->I-£  *f  SC^nOS. 


i*r    N>:  is  S*T»a 

•      •     • 
Rial  aifMie- 

—»?(  akvie  in  pnuuaut|f 

• 

i  -erxi*--.!^  rl»c5»*« — 

are  i^?se  wi 

eLl-kaown  reatiget  <rf  tlie 

^^"^"  ■ 

aeci  i:*?  ■2;v>rrt:j>:«* : 

r  c^  Cosabieriaiid  tli^tie 

al^ 

>:tfs  u  c»ear  as  aTSiiu 

use  A.ZA. 

* 

Wbere  tAe  bare  lodLhii 

b« 

^n  exiy«ed  »  a^vs 

to  cae  a:ss 

oc  oi  veaiher,  die  finer 

Qfcrks  bare,  in  ixxt  case 

5w  azsappeaivd:  and  the  mammiHitei 

£<  c-f  tft^  nK&s  are  s^  ochr  erii 

hewea.    But  the  remonl 

of  the  K-il  whka  ha»  procecsai  them  otken  discloses  rock  §» 

£a:iea.  »2ai7ni  as  sharptT,  azid  poiished  as  deanlj,  as  thoae 

vi:?h  are  d:»t  be^laz  scratched  azid  pooshed  by  the  gkckn 

of  the  Al^     R:<2>i  ab^xn  ScawfelL  the  traces  o£  andeDtke 

ap^Krar,  h^:*:h  in  r>Vt^    a%o«/o  .a^  asd  Moef  pereMt;  and 

there  are  a:npl-e  farts  to  sh:«v  that  Bonodale  was  onceooon- 

pie-i  bj  ^li'iier  i.>?.     La  Xo«r:a  Wales*  also,  the  ancient  j^ 

c-iers  h^re  pl^^e^i  thoir  nanip  $•>  dralr  upon  the  rockS|thit 

the  azes  wLioh  hire  5iaoe  elapsed  hare  filled  to  oUitextte 

even  their  5-r*:*rn:lAl  cvirks.     All  n>u3d  Snowdon  these  evi- 

oeDces  ai»  iun  1     Ou  the  s.^aiiiwesi  coast  oi  Ireland  rise  the 

li-.t/ks  of  M;2.^^iIliou■idr,  wh:^  tilt  upward,  and  catch  upon 

their  coli  crests  tae  n>j:st  win<.is  K}i  the  Atlantic;  predpitft- 

tioD  is  o:*pious,  and  rain  a:  Killamev*  seems  the  order  of  Nf 

ture.     In  this  moist  region  every  crag  b  covered  with  ricb 

vegetation ;  but  the  vapors,  which  n«jw  descend  as  mild  ind 

fertiliz"n^  rain,  on'>?  fell  as  sn-"^w,  wiiiob  formed  the  mitcrW 

for  noble  glaciers.     The  Black  Vailev  was  once  filled  bj  ice, 

which  plane*!  down  the  sides  of  the  Purple  Mountain,  as  i^ 

movt?»l  toward  the  Upper  Lake.    The  gnxind  occupied  bj  *lu* 

lake  was  eniirelv  o.wered  by  the  ancient  ice,  and  eveiy  islmd 

that  now  emerg^^  from  its  surface  is  a  glacierdomcL    "Hie 

fantastic  names,  which  many  of  the  rocks  have  received,  ai® 

su«rgested  by  the  shapes  into  which  they  have  been  sculptured 

by  the  mighty  m<.mlding  plane  whit4i  once  passed  over  theiD* 

North  America  is  alsi>  tlius  glaciated.     But  the  moat  notaUfi 

observation,  in  c«:^nnectiou  with  this  subject,  is  one  recently 

"^de  by  Dr.  Hooker  during  a  visit  to  Syria :  he  has  found 
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oelefarttted  oedsn  of  Lebaium  giow  upon  anoieiit  gl»- 

I  To  detennine  the  ooncUtioo,  whkh  permitted  of  the 
Q  <^  Aose  vast  miwinnn  of  ioe^  has  long  been  a 
with  philosophen,  and  a  consideration  of  the  solu- 
loh  have  been  affioted,  from  time  to  tinie^  will  not  be 
3tive»  I  have  no  new  hypothesis  to  oflfar,  but  it  seems 
to  give  a  traer  direction  and  more  definite  aim  to  oar 
than  they  can  at  proscnt  boast  oL  The  aim  of  aU 
ffs  on  this  sufajeot,  with  whom  I  am  acquainted,  has 
e  attainment  of  coUL  Some  eminent  men  have 
and  some  still  think,  that  the  reduotion  of  tempef»- 
ing  the  glacier  epodi,  was  due  to  a  temporaiy  dimi- 
f  solar  radiaticm;  others  have  thought  diat,  in  its 
lirough  space,  our  system  may  have  traversed  regions 
mperature,  and  ihst^  during  its  passage  through  these 
the  ancient  glaciers  were  produced.  Others  have 
>  lower  the  temperature,  by  a  redistribution  of  land 
ir.  If  I  understand  the  writings  of  the  eminent  men 
3  propounded  and  advocated  the  above  hypotheses, 
3m  seem  to  have  overlooked  the  fact,  that  the  enor- 
:ension  of  glaciers  in  by-gone  ages  demonstrates,  just 
r,  the  operation  of  heat  as  the  action  of  cold. 

Ck>ld  alone  will  not  produce  glaciers.  You  may 
bitterest  northeast  winds  here  in  London  throughout 
3r,  without  a  single  flake  of  snow.  Cold  must  have 
^  object  to  operate  upon,  and  this  object — ^the  aqueous 
the  air — is  the  direct  product  of  heat.  Let  us  put 
ler  question  in  another  form  :  the  latent  heat  of  aque- 
r,  at  the  temperature  of  its  production  in  the  tropics, 

1,000°  Fabr.,  for  the  latent  heat  augments,  as  the 
ure  of  evaporation  descends.  A  pound  of  water, 
x>rized  at  the  equator,  has  absorbed  1,000  times  the 
of  heat  which  would  raise  a  pound  of  the  liquid  one 
I  temperature.  But  the  quantity  of  heat  which  would 
K)imd  of  water  one  degree,  would  raise  a  pound  of 
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cast-iron  ten  degrees :  hence,  simply  to  conyert  a  pound  of  the 
water  of  the  equatorial  ocean  into  vapor,  would  require  a  quan- 
tity of  heat,  sufficient  to  impart  to  a  pound  of  cast-iron  10,000 
d^rees  of  temperature.  But  the  fusing-roint  of  cast^roa  s 
2,000°  Fahr. ;  therefore,  for  eyeiy  pound  of  vapor  produced,* 
quantity  of  heat  has  been  expended  by  the  sun,  suffident  to 
raise  5  lbs.  of  cast-iron  to  its  melting-point.  Imagine,  then, 
every  one  of  those  ancient  glaciers  with  its  mass  of  ice  quin- 
tupled ;  and  imagine  the  place  of  the  mass  so  augmented,  to 
be  taken  by  an  equal  weight  of  cast-iron  raised  to  the  white 
heat  of  fusion,  we  shall  then  have  the  exact  expression  of  the 
solar  action,  involved  in  the  production  of  the  ancient  glacien. 
Substitute  the  hot  iron  for  the  cold  ice— our  specuhttioos 
would  instantly  be  directed  to  account  for  ihe  high  tempen- 
turc  of  the  glacial  epoch,  and  a  complete  reversal  of  some  d 
the  hypotheses  above  quoted  would  probably  ensue. 

(241)  It  is  perfectly  manifest,  that  by  weakening  the  sud'> 
action,  either  through  a  defect  of  emission,  or  by  the  steeping 
of  the  entire  solar  system  in  space  of  a  low  temperature,  we 
should  be  cutting  off  the  glaciers  at  their  source.    Vast  mafises 
of  mountain-ice  indicate,  infallibly,  the  existence  of  commeo- 
surate  masses  of  atmospheric  vapor,  and  a  proportioDately 
vast  action  on  the  part  of  the  sun.     In  a  distilling  appsratnfl, 
if  you  required  to  augment  the  quantity  distilled,  you  would 
not  surely  attempt  to  obtain  the  low  temperature,  necessary 
to  condensation,  by  taking  the  fire  firom  under  your  boiler'} 
but  this,  if  I  understand  them  aright,  is  what  has  been  doo^ 
by  those  philosophers  who  have  sought  to  produce  the  anden^ 
glaciers  by  diminishing  the  sun's  heat.     It  is  quite  manifest 
that  the  thing  most  needed  to  produce  the  glaciers  is  an  knr 
proved  condenser ;  we  cannot  afford  to  lose  an  iota  of  sol^^ 
action ;  we  need,  if  any  thing,  more  vapor,  but  we  need  a  oof** 
denser  so  powerful,  that  this  vapor,  instead  of  falling  in  liquid 
showers  to  the  earth,  shall  be  so  far  reduced  in  temperature 
as  to  descend  in  snow.    The  problem,  I  think,  is  thus  narrowed 
to  the  precise  issue  on  which  its  solution  depends. 


MOULDllTG  Id. 
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m, — ^Iniiioiildiiigioe,itifladTiMUetofintw€itLeiiioiiIdwith 
tar.  Thb  ftelliUtet  the  remoTtl  of  tlio  oompreased  sabstaooe. 
Mmp,  referred  to  In  |884^  maj  be  from  S4  to  8  inches  hi  ez- 
diflmeter,  hot  the  thkknees  of  the  oop  ought  not  to  exceed  a 
'  of  an  inch.  A  conical  plug  la  Inaerted  into  mj  own  monldai 
fdng  of  which  eoon  detachea  the  ice. 
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CHAPTER  VIL 


ooif DircnoH  ▲  TmufBamsTOH  or  iionoir— good  ooitduotobs  avd  bad  ouiiPUOWHig' 

DUOTXYITT  OFTHS  lOTAU  FOB  HBAT:  BXLATIOK  BSrwXEH  TBX  OOinDVOirnTT  orB0 
▲KD  THAT  or  KUBCIBIOITT— UnrLUXKOB  OT  TBHrCBATUBB  OH  1HB  OOBDironOV  WVM- 

TBidTT— nnxuBiroB  or  molbovlab  oomriTt'iiow  on  tub  ooin»ncfnoH  or  lua- 

BXLATIOK  or  tPBOmO  HBAT  TO  OOHDVOTIOK  —  PHILO0OPBT  Or  OLOTBBB:  BUHPOD^ 
BXPBBDIBim— nrrLUBBCB  or  XBOHAinOAL  TBATPBB  OH  OOHDVOnOH—IHCBIJRiaMI 
or  BOILBBS— ItBB   BAFBTT-LAXP— OOHDVCnTITT  Or  UQITIDS  AHD  AASn:   BXPBOOni 

*  or  muwroED  ahb  dbsfbbtx— ooolih«  Bmor  or  htdboobh  «A8— bxtbuhbiiiw 

MAOHUS  OH  THB  OOHDUOTITXTT  OT  Oi 


(242)  "T~  THINK  we  are  now  sufficiently  conversant  with 
JL  our  subject,  to  distinguish  between  the  sensible 
motions  produced  by  heat  and  heat  itself.  Heat  is  not  the 
clash  of  winds ;  it  is  not  the  quiver  of  a  flame,  nor  the  ebulli- 
tion of  water,  nor  the  rising  of  a  tiicrmometric  column,  nor 
the  motion  which  animates  steam  as  it  rushes  firom  a  boiler, 
in  which  it  has  been  compressed.  All  these  are  mecbaniflsl 
motions,  into  which  that  of  heat  may  be  converted ;  but  heat 
itself  is  molecular  motion.  The  molecules  of  bodies^  when 
closely  grouped,  cannot,  however,  oscillate,  without  communi- 
cating motion  from  one  to  the  other.  To  this  propagatioo  of 
the  motion  of  heat  from  molecule  to  molecule,  we  must  now 
devote  our  attention. 

Here  is  a  poker,  the  temperature  of  which  is  scarcely  pc^ 
ceptible :  I  feel  it  as  a  hard  and  heavy  body,  but  it  ndthfif 
warms  nor  chills  me ;  it  has  been  before  the  fire,  and  the  mc^ 
tion  of  its  molecules,  at  the  present  moment,  chances  to  be 
the  same  as  that  of  the  molecules  of  my  nerves ;  there  is  nei- 
ther communication  nor  withdrawal,  and  hence  the  temperar 
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tare  of  the  poker,  on  the  one  hand,  and  my  sensations,  on  the 

other,  remain  unchanged.     But  when  the  end  of  the  poker  b 

ttnut  into  the  fiie  it  is  heated ;  the  molecules,  in  contact  with 

the  fire,  are  thrown  into  a  state  of  more  intense  oscillation ; 

the  twinging  atoms  strike  their  neighbors,  these  again  theirs, 

and  thus,  the  molecular  music  rings  along  the  bar.    The  mo- 

tloD,  in  this  instance,  is  communicated  from  atom  to  atom  of 

the  poker,  and  finaDy  appears  at  its'  most  distant  end.    If  I 

noir  by  hold  of  the  poker,  its  motion  is  communicated  to  my 

nerfes^  and  produces  pain ;  the  bar  is  what  we  call  hot,  and 

ttf  hand,  in  popular  language^  is  burned.     Conyection  we 

Wie  already  defined  to  be  the  transfer  of  heat,  by  sensible 

■UKs  of  matter,  from  place  to  place;    but  this  molecular 

teoifiBr,  whidi  consists  in  eadi  €aom  taking  up  the  motion  of 


Hs  neighbors,  and  sending  it  on  to  others,  is  called  the  cofir 
iwHwi  of  heat. 

(243)  Let  me  exemplify  this  property  of  conduction,  in  a 
Wely  way.  In  this  basin,  filled  with  warm  water,  is  placed 
a  cylinder  of  iron,  an  inch  in  diameter,  and  two  inches  in 
Iteight;  this  cylinder  is  to  be  my  source  of  heat.  Laying  my 
thermo-electric  pile,  o  (fig.  56),  thus  fiat,  with  its  naked  face 
*wned  upward,  I  place  upon  that  face  a  cylinder  of  copper,  c, 
which  now  possesses  the  temperature  of  this  room.  We  ob- 
•^fve  no  deflection  of  the  galvanometer.  I  now  place  my 
wwni  cylinder,  t,  having  first  dried  it,  upon  the  cool  cylinder, 
^ch  is  supported  by  the  pile.  The  upper  cylinder  is  not  at 
^ore  than  blood-heat ;  but  you  see,  almost  before  this  remark 
V  uttered,  the  needle  flies  aside,  indicating  that  the  heat  has 
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reached  the  face  of  the  pile  Thus,  tbe  mcdecular  motia 
imparted  to  the  iron  cylinder  by  the  warm  irater,  has  bee 
communicated  to  the  copper  one,  througb  whidi  it  haa  bee 
transmitted,  in  a  few  seconds,  to  the  face  of  the  pile^ 

(341)  DifTerent  bodies  possess  different  powen  of  bini 
mitting  molecular  motion ;  in  other  words,  of  conducting  hnl 
Copper,  which  we  hare  just  used,  possesses  tliis  power  in  : 
very  eminent  degree,  f^et  ub  now  remove  the  copper,  sUoi 
the  needle  to  return  to  0°,  and  then  lay  upon  the  face  of  tb 
pile  this  cylinder  of  glass.  On  the  cylinder  of  glastf  I  [dw 
my  iroii  cylinder,  which  has  been  reheated  in  the  warm  vstei 
Tliorc  is,  as  yet,  no  motion  of  the  needle,  and  you  would  htn 
to  wait  a  long  time  to  see  it  move.  We  have  already  waitei 
thrice  the  time  which  tbe  copper  required  to  transmit  tb 
heat,  and  jou  see  the  needle  continues  motionless.  Fladnj 
cylinders  of  wood,  chalk,  stone,  and  fire^ay,  in  anocesnon,!!) 
the  pile,  and  heating  their  upper  ends  in  the  same  manner,  «i 
find  that,  in  tbe  time  which  we  can  devote  to  an  ezpeiiiDeDt 
not  one  of  these  substances  is  competent  to  transmit  the  hesi 
to  the  pile.  The  molecules  of  these  substances  are  bo  bsD' 
pcred  or  entangled,  that  they  are  incompetent  to  past  tb( 
motion  freely  from  one  to  another.  These  bodies  are  all  io^ 
coHductorg  of  heat.  On  the  other  hand,  when  cylinden  <^ 
zinc,  iron,  lead,  bismuth,  etc,  are  placed  in  succession  on  ^ 
pile,  each  of  them,  as  you  see,  has  the  power  of  transmitting 
the  motion  of  beat  rapidly  through  its  mass.  In  oomparuoi 
with  the  wood,  stone,  chalk,  glass,  and  clay,  they  are  all  goo^ 
eotidiKtora  of  heat. 

(^45)  As  a  general  rule,  not,  however,  without  its  ei 
i-eptions,  metals  are  the  best  conductors  of  heat.  But  iDetsl< 
(titter  notably  among  themselves,  as  regards  their  powenci 
coniluetion.  A  comparison  of  copper  and  iron  will  illustnl* 
this  point.  Ik'hind  me  arc  two  bars,  a  b,  a  c  (fig,  57),plsce(' 
end  to  end,  with  balls  of  wood,  attached  by  wax  at  eqnsl 
distances  from  the  place  of  junction.  Under  the  junctiixi '' 
placed  a  spirit-lump,  which  heats  the  ends  of  tlie  bare:  lb« 
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best  win  be  profMigmted  right  and  kit  thioiigh  both.  The 
bar  A.  B  is  iron,  the  bar  ▲  o  is  oopper;  the  heat  travek  to  a 
greater  distance  akmg  the  oopper^'which  is  the  better  con- 
ductor, and  therefore  liberates  a  greater  number  of  its  balls. 


(246)  One  of  the  first  attempts  to  determine,  with  aooo- 
iMj,  the  conductivity  of  different  bodies  for  heat,  was  that  sug^ 
geited  hy  Franklin,  and  carried  out  by  Ingenhausas.  He 
coated  a  number  of  bars  of  various  substances  with  wax,  and, 
inunersing  the  ends  of  the  bars  in  hot  oil,  he  observed  the  dis- 
tuoe  to  which  the  wax  was  melted,  on  each  of  the  bars.  The 
good  conductors  melted  the  wax  to  the  greatest  dbtance ;  and 
the  melting  distance  furnished  a  measure  of  the  conductivity 
of  the  bar. 

(M7)  The  second  method  was  that  pointed  out  by  Fourier, 
ud  followed  out  experimentally  by  Despretz.  a  b  (fig.  58) 
represents  a  bar  of  metal,  with  holes  drilled  in  it,  intended  to 


Fig.  08. 
'^H    sQ    ff)  d\i    ell    /[ 


<^tain  small  thermometers.  At  the  end  of  the  bar  was  placed 
^  l^p,  as  a  source  of  heat ;  the  heat  was  propagated  through 
*»e  bar,  reaching  the  thermometer  a  first,  b  next,  c  next,  and 
Soon.  For  a  certain  time,  the  thermometers  continued  to  rise, 
D^t  afterward  the  state  of  the  bar  became  stationary,  each 
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thermometer  making  a  oooatant  tcmpcratme.  The  better  the 
conductiqo,  the  smaller  the  difference  between  any  two  mh 
cessive  thermometers.  The  decrement,  or  faH  of  hesti  if  I 
may  use  the  term,  from  the  hot  end  toward  the  cold,  isgvetter 
in  bad  conductors  than  in  good  ones,  and,  from  the  decremeBt 
of  temperature  shown  by  the  thermometers,  we  can  dedooe^ 
and  express  by  a  number,  the  conductirity  of  the  bar.  TUi 
same  method  was  followed  by  MM,  Wiedemann  and  IVuu^  ■ 
a  very  important  investigation,  but,  instead  of  using  the^ 
mometcrs,  they  employed  a  suitable  modification  of  the  tfae^ 
mo-eleciric  pile.  Of  the  numerous  and  highly-interestiiig  re- 
sults of  this  investigation,  the  following  is  a  rintmi : 

CiMiduellittjp 


, •- 


Name  of  Snbftaaflt.  For  H«>t.  Fm  BmhM^F- 

Silver 100  100 

Copper 74  7S 

Gold 53  69 

Brans 24  S8 

Tin 15  SS 

Iron 12  13 

licad 9  11 

Platinum 8  10 

(Tcrman  Silver 6  6 

Bismuth 2  8 

(248)  This  table  shows,  that,  as  regards  their  condoctive 
powers,  metals  differ  very  widely  from  each  other.  dJliogt 
for  example,  the  conductive  power  of  silver  100,  that  of  G^ 
man  silver  is  only  6.  You  may  illustrate  this  difference,  io  * 
very  simple  way,  by  plunging  two  spoons,  one  of  GenniB 
silver,  and  the  other  of  pure  silver,  into  the  same  vessel  of  bot 
water.  After  a  little  time,  you  fmd  the  free  end  of  the  sflvcr 
spoon  much  hotter  than  that  of  its  neighbor ;  and,  if  bite  d 
phosphorus  be  placed  on  the  ends  of  the  spoons,  that  on  tbo 
silver  will  fuse  and  ignite,  in  a  very  short  time,  whfle  the  hc«^ 
transmitted  through  the  other  spoon  will  never  reach  an  io^ 
tensity  sufficient  to  ignite  the  phosphorus. 
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(249)  Noihing  is  more  interesting  to  the  natural  {Ailos- 
opher  than  the  traoing  out  of  connections  and  relations  be- 
tween the  varkniB  agencies  of  Natore.  We  know  that  they 
are  interdependent,  we  know  that  they  are  mutually  couTertible, 
boil  as  yet^  we  know  very  litUe  as  to  the  precise  form  of  the 
convetsion.  We  have  every  reason  to  conclude  that  heat  and 
electricity  are  both  modes  of  motion ;  we  know,  ezperimen-  * 
tally,  that  from  electricity  we  can  obtain  heat,  and  from  heat, 
as  in  the  case  of  our  thnmo-electric  pile,  we  can  obtain  elec- 
tricity. But  although  we  have,  or  think  we  have,  tolerably 
dear  ideas  <^  the  character  of  the  motion  of  heat,  our  ideas 
are  very  crude  as  to  the  precise  nature  of  the  change  which 
this  motion  must  undergo,  in  order  to  appear  as  electricity — 
in  fiMt,  we  know,  as  yet,  nothing  about  it. 

(250)  The  above  table,  however,  exhibits  one  important 
connection  between  beat  and  electricity.     Besides  the  num- 
bers expressing  conductivity  for  heat,  MM.  Wiedemann  and 
Franz  have  placed  the  numbers  expressing  the  conductivity 
of  the  same  metals  for  electricity.     They  run  side  by  side : 
the  good  conductor  of  heat  is  the  good  conductor  of  electricity, 
and  the  bad  conductor  of  heat  is  the  bad  conductor  of  elec- 
tricity.*    Thus,  we  may  infer  that  the  same  physical  quality 
^hich  interferes  with  the  transmission  of  heat,  interferes,  in  a 
proportionate  degree,  with   the   transmission   of   electricity. 
This  common  susceptibility  of  both  forces  indicates  a  relation 
OD  which  future  investigations  will  no  doubt  throw  light. 

(^1)  It  is  a  proved  fact,  that  the  amount  of  heat  devel- 
oped in  a  wire,  by  a  current  of  electricity  of  a  certain  strengUi, 
18  directly  proportional  to  the  resistance  of  the  wire.f  We 
Buij  imagine  the  atoms  in  this  case  throwing  themselves,  like 
Wiers,  across  the  track  of  the  electric  current — the  current 
W^ing  against  them,  imparting  its  motion  to  them,  and  tlius 
rendering  the  wire  hot.     In  the  case  of  a  good  conductor,  on 

• 

•Principal  Forbes  had  previously  noticed  this.    8m  Phil.  Mag.  1884,  vol. 
i».p.ST. 

t  Joule,  Phil.  Mag.  1841,  vol.  xix.  p.  268. 
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the  contrary,  the  current  may  be  pictured  as  gliding  fied^ 
among  the  atoms,  without  disturbing  them  in  any  gi^eat  diH 
gree.    Suspended  before  you  are  three  pieces  of  pilatiinaa 
wire,  of  the  tame  length  and  thickness.     I  will  now  send  tke 
self-same  current,  from  a  battery  of  twenty  of  GroTe*s  oeDa^ 
through  tills  compound  wire.    You  see  three  spaces  white  hot| 
and  dark  spaces  between  them.    The  white-hot  portions  of 
the  wire  are  platinum,  and  the  dark  portions  are  silyer.    The 
electric  current  breaks  impetuously  upon  the  molecules  of  the 
platinum,  while  it  glides,  with  little  resistance,  among  the 
atoms  of  silyer,  thus  producing,  in  the  two  metals,  difeent 
calorific  effects.* 

(252)  Now  it  may  be  shown  that  the  motion  of  heat  int» 
feres  with  that  of  electricity.  You  are  acquainted  with  tke 
platinum  lamp,  which  stands  in  firout  of  this  table.  It  cot 
sists,  simply,  of  a  little  coil  of  platinum  wire  suitably  att^M 
to  a  brass  stand.  We  can  send  a  ciurent  through  that  o(4 
and  cause  it  to  glow.  Into  the  circuit  are  also  introduced  two 
additional  feet  of  thin  platinum  wire,  and,  on  establishing  Ae 
connection,  the  same  current  passes  through  this  wire,  ui 
through  the  coil.  Both,  you  see,  are  raised  to  redness— bott 
are  in  a  state  of  intense  molecular  motion.  What  I  wish  not 
to  prove  is,  that  this  motion  of  heat,  which  the  eleotridtj  htf 
generated,  in  these  two  feet  of  wire,  and  in  virtue  of  which 
the  wire  glows,  offers  a  hinderance  to  the  passage  of  the  or 
rent.  The  electricity  has  raised  up  a  foe  in  its  own  patL  B 
we  cool  this  wire,  we  open  a  wider  door  for  the  passage  of 
the  electricity.  But,  if  more  electricity  passes,  it  will  la* 
nounce  itself  at  the  platinum  lamp ;  it  will  raise  that  red  heit 
to  whiteness,  and  the  change  in  the  intensity  of  tlie  ^gU 
^yill  be  visible  to  you  alL 

(253)  Thus,  then,  I  plunge  the  red-hot  wire  into  a  beaher 
of  water,  w  (fig.  59) :  the  lamp  immediately  becomes  alnoik 
too  bright  to  look  at.     When  the  wire  is  raised  out  of  the 

*  May  not  the  oondonsed  other  which  enrrounds  the  atoms  be  tlM 
of  electric  oarrents  t 
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wafer,  and  the  beat  allowed  once  more  to  develop  itself,  llie 
(current  is  instantly  iiDpeded,  and  the  lamp  becomes  less  briglit. 
I  igaia  dip  the  wire  ioto  the  oold  water,  deeper  and  deeper ; 


Qboerre  how  the  light  becomes  intenmGed — deeper  still,  so  as 
to  quench  the  entire  two  feet  of  wire ;  the  augmented  current 
raises  the  lamp  to  its  maximum  brigbtness,  and  now  it  sud- 
denly goes  out.  The  circuit  is  broken,  for  the  coil  has  actual- 
ly been  fused  by  tbe  additional  flow  of  electricity. 

(253  a)  And  bere  we  may  bestow  a  passing  glance  at  a 
Babject,  the  complete  treatment  of  which  belongs  to  another 
department  of  physics.  You  know  that  the  electric  current 
'which  heated  the  wire  in  our  last  experiment  is  maintained  by 
tbe  chemical  action  going  on  in  the  voltaic  battery.  Id  the 
battery  we  have,  among  other  things,  the  combination  of  zinc 
-with  oxygen,  a  true  combustion,  though,  like  that  of  our  own 
'bodies,  it  is  carried  on  amougliquids.  Here,  as  in  all  other 
cases,  tbe  coilBumption  of  a  definite  amount  of  zinc  generates 
tbe  same  invariable  amount  of  heat.  Snppoaing,  then,  I  con- 
nect the  two  poles  of  tliis  battery  by  a  stout  copper  wire, 
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which  is  an  excellent  conductor,  the  current  will  flow  mnd  At 
zinc  will  be  consumed,  and  no  sensible  heat  will  be  developdl 
outside  the  battery  itselC  Let  the  current  continue  untQ  i 
pound  of  zinc  has  been  consumed.  A  certain  measoraUo 
amount  of  heat  is  generated,  and  the  whole  of  this  heit  ■ 
confined  to  the  battery.  Let  us  now  connect  the  pdies  of  tb 
battery  by  a  thin  platinum  wire.  It  becomes  heated,  aid 
glows  before  your  eyes.  Continue  the  action  until  a  pood 
of  zinc  has  been  consumed.  The  same  amount  of  heat  li 
before  is  generated,  but  it  is  now  distributed  in  a  difiefeat 
manner.  Part  of  it  is  in  the  battery,  but  part  of  it  also  is  ii 
the  connecting  wire.  Add  both  these  parts  together,  and  joi 
get  the  same  total  as  before. 

(253  b)  Thus,  for  every  unit  of  heat  generated  outside  tte 
battery,  we  have  a  unit  withdrawn  from  the  battery  itsdf ; 
and  if,  instead  of  generating  this  external  heat,  the  eleotrio 
current  be  employed  to  turn  a  machine,  or  do  any  other  e^ 
tcmal  work,  an  amount  of  heat  equivalent  to  the  woric  pe^ 
formed  is  withdrawn  from  the  battery.  These  are  not  mere 
theoretic  conclusions :  they  have  been  established  by  the  ex* 
cellent  experiments  of  M.  Favre,  the  principle  of  conserfs- 
tion,  as  applied  to  the  voltaic  battery,  being  thus  yindicated 

(254)  Let  us  now  return  to  the  subject  of  condnctioo. 
To  all  appearance,  cold  may  be  conducted,  like  heat.  I  warn 
this  copper  cylinder  a  little  by  holding  it^  for  a  moment,  in  dj 
hand.  When  placed  on  the  thermo-electric  pile,  the  needle 
goes  up  to  90°,  declaring  heat.  On  this  cylinder,  I  plsoeft 
second  one,  which  has  been  chilled,  by  sinking  it  for  some 
time  in  this  moss  of  ice.  We  wait  a  moment,  the  needle 
moves  :  it  is  now  descending  to  zero,  passes  it,  and  goes  oa 
to  90°,  on  the  side  of  cold.  Analogy  might  well  lead  you  to 
suppose  that  the  cold  is  conducted  downward,  from  the  top 
cylinder  to  the  bottom  one,  a9  the  heat  was  conducted  in  oiff 
former  experiments.  No  objection  need  be  made  to  the  jArtae 
"  conduction  of  cold,"  if  it  be  used  with  a  clear  knowledge 
of  the  real  physical  process  involved.     The  real  process  iij 
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that  the  warm  intermediate  cylinder  first  delivers  up  its  heat, 
or  motion,  to  the  cold  cylinder  overhead,  and,  haying  thus  lost 
its  own  heat,  it  draws  upon  that  of  the  pile.     In  our  former 
I  experiments,  we  had  conduction  of  motion  to  the  pile ;  in  our 
I    paresent  one  we  have  conduction  of  motion  Jrom  the  pile. 
t  Bat  it  is,  in  both  cases,  the  propagation  of  motion  with  which 
"We  haTe  to  do,  the  heating  and  the  chilling  depending  solely 
lapon  the  direction  of  propagation.     I  place  one  of  these  metal 
GjfinderB,  which  has  been  purposely  cooled,  on  the  &ce  of  our 
pale  ;  a  violent  deflection  follows,  declaring  the  instrument  to 
be  chilled.    Are  we  to  suppose  cold  to  be  an  entity  communi- 
omted  to  the  pile  ?    No.    The  pile  here  is  the  warm  body ;  its 
molecular  motion  is  in  excess  of  that  possessed  by  the  cylin- 
der;  and,  when  both  come  into  contact,  the  pile  seeks  to  make 
good  the  defect.     It  imparts  a  quantity  of  its  motion  to  the 
cylinder,  and,  by  its  own  bounty,  beoomes  impoverished :   it 
dulls  itself^  and  generates  the  currents 

(255)  Substituting  for  this  cold  metal  cylinder  a  cylinder 
of  wood,  with  the  same  temperature  as  the  metal  one,  the 
chill  of  the  wood  is  very  feeble,  and  the  consequent  deflection 
Very  small.     Why  does  not  the  cold  wood  produce  an  action 
equal  to  that  of  the  cold  metal  ?    Simply,  because  the  heat, 
Communicated  to  it  by  the  pile,  is  accimiulated  at  its  under 
Surface ;  it  cannot  escape  through  the  bad  conducting  wood  as 
it  escapes  through  the  metal,  and  thus  the  quantity  of  heat 
withdrawn  fix)m  the  pile  by  the  wood  is  less  than  that  with- 
clrawn  by  the  copper.     A  similar  effect  is  produced  when  the 
human  nerves  are  substituted  for  the  pile.     When  you  come 
>nto  a  cold  room,  and  lay  your  hand  upon  the  fire-irons,  the 
ohimney-pieoe,  the  cliairs,  the  carpet,  in  succession,  they  ap- 
.  pear  to  be  of  different  temperatures :  the  iron  chills  you  more 
than  the  marble,  the  marble  more  than  the  wood,  and  so  on. 
Vour  hand  is  affected  exactly  as  the  pile  was  affected  in  the 
4ast  experiment.     It  is  needless  to  say  that  the  reverse  takes 
place  when  you  enter  a  hot  room ;  that  is  to  say,  a  room  hot- 
ter than  your  own  body.     You  would  certainly  suffer,  if  you 
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lay  down  upon  a  plate  of  metal  in  a  Turkish  bath ;  but  joia 
do  not  suffer  when  jou  lie  down  on  a  bench  of  wood  Bffl 
preserving  the  body  from  contact  with  good  conductors,  fojl 
high  temperatures  may  be  endured.  Eggs  may  be  boiled,  tal» 
beeiisteaks  cooked,  by  the  heat  of  an  apartment^  in  whidhft 
the  bodies  of  living  men  sustain  no  injury.  E 

(256)  The  exact  philosophy  of  this  last  experiment  kft. 
worthy  of  a  moment's  consideration.  With  it  the  names  dm 
Blagden  and  Chantrey  are  associated,  those  eminent  meD  lurB. 
ing  exposed  themselves  in  ovens  to  temperatures  considenli^m. 
higher  than  that  of  boiling  water.  Let  us  compare  the  caett  E 
tion  of  the  two  living  human  beings  with  that  of  two  miiUem 
statues,  placed  in  the  same  oven.  The  statues  become  gnd-m 
ually  hotter,  until  finally  they  assume  the  temperature  of  At  Ij 
air  of  the  oven ;  the  two  men,  under  the  same  droumstuoe^  m 
do  not  similarly  rise  in  temperature.  If  they  did^  the  tiflSMl  m 
of  the  body  would  be  infietllibly  destroyed,  the  tempeittiit  \. 
which  they  endured  being  more  than  sufficient  to  stew  tte  1^ 
muscles  in  their  own  liquids.  But,  the  fact  is,  that  the  beti  of  V 
the  blood  is  scarcely  affected  by  an  augmentation  of  the  et  L 
temal  heat.  This  heat,  instead  of  being  applied  to  incietv  L 
the  temperature  of  the  body,  is  applied  to  change  the  tggi^  L 
gation  of  the  body ;  it  prepares  the  p>er8piration,  foroes  it  1. 
through  the  pores,  and,  in  part,  vaporizes  it.  Heat  is  bff*  1. 
converted  into  potential  energy ;  it  is  consumed  in  woHei  ft 
This  is  the  wastc-pi]K',  if  I  may  use  the  term,  through  wbiA  I. 
the  excess  of  heat  overfl(  >\vs ;  and  hence  it  is  that,  under  the  wt^  I, 
varying  conditions  of  climate,  the  temperature  of  the  hamu  ft 
blood  is,  practically,  constant  Tlie  blood  of  the  LapUffldcr  I 
is  sensibly  as  warm  as  that  of  the  Hindoo ;  while  an  Engli^  ft 
man,  in  sailing  from  the  north  pole  to  the  south,  finds  Ui  1 
blood-temperature  hardly  heightened  by  his  approach  to  tk  I 
equator,  and  hardly  diminished  by  his  approach  to  the  antaio*  I 
tic  pole.  1 

(257)  When  the  communication  of  heat  is  gradual — ai  i*  j 
always  is,  when  the  body  is  surrounded  by  an  imperfect  ood^ 
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^^the  beat  is  consumed,  in  the  manner  indicated,  as  fiast 
I  supplied ;  but,  if  the  supply  of  heat  be  so  quick  (as  it 
be  in  the  case  of  contact  with  a  good  conductor)  that 
nversion  into  this  harmless  potential  energy  cannot  be 
Led  with  sufficient  rapidity,  injury  to  the  tissues  is  the 
Some  people  have  professed  to  see,  in  this  power  of 
dng  body  to  resist  a  high  temperature,  a  conservative 
,  peculiar  to  the  vital  force.  No  doubt,  all  the  actions 
i  animal  organism  are  connected  with  what  we  call  its 
y ;  .but  the  action  here  referred  to  is  the  same  in  kind  as 
elting  of  ice,  or  the  vaporization  of  water.  It  consists, 
^,  in  the  diversion  of  heat  from  the  purposes  of  temperar 
o  the  performance  of  work. 

58)  Thus  far,  we  have  compared  the  conducting  power 
erent  bodies  together ;  but  the  same  substance  may  pos- 
iifferent  powers  of  conduction  in  different  directions, 
crystals  are  so  built,  that  the  motion  of  heat  runs  with 
nr  facility  along  certain  lines  of  atoms  than  along  others, 
for  instance,  is  a  large  rock-crystal — a  crystal  of  quartz — 
ig  a  hexagonal  pillar,  which,  if  complete,  would  be  ter- 
ed  by  two  six-sided  pyramids.  That  heat  travels  with 
»r  facility  along  the  axis  of  this  crystal  than  across  it, 
een  proved  in  a  very  simple  manner  by  M.  de  Senarmont. 
ese  two  plates  of  quartz,  one  (fig.  61)  is  cut  perpendicu- 
to  the  axis  of  the  crystal,  and  the  other  (fig.  62)  parallel 
The  plates  are  coated  with  a  layer  of  white  wax,  laid 
'\l  camelVhair  {>enciL  They  are  pierced  at  the  centre, 
flto  the  hole  is  inserted  a  small  sewing-needle,  which  can 
irmed  by  an  electric  current.  B  (fig.  60)  is  the  battery, 
ce  the  current  proceeds ;  c  is  a  capsule  of  wood,  through 
ottom  of  which  the  sewing-needle  passes ;  cZ  is  a  second 
lie,  into  which  dips  the  p>oint  of  the  needle,  and  Q  is  the 
rated  plate  of  quartz.  Each  capsule  contains  a  drop  of 
iry.  When  the  current  passes  from  c  to  cf ,  the  needle  is 
d,  and  the  heat  is  propagated  in  all  directions.  The  wax 
around  the  place  where  the  heat  is  applied  ;  and  on  this 
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plate,  whicb  u  cut  perpeodicnlariy  to  tlie  ftxis  of  the  qmrti^': 
the  ^guK  of  the  melted  wax  is  a  perfeot  circle  (fig.  61).  Tlr 
heat  has  travelled  with  the  same  rapidity  all  round,  and  n 


<^« 


the  wax  to  the  same  distance  in  all  directions.     I  make  s  bbot 
lar  experiment  with  the  other  plate :  the  wax  is  now  mehiiigi 
but  its  figure  is  no  longer  a  circle.     The  heat  travels  mO 
speedily  along  the  axis  than  across  it,  and  hence  the  vtf 
figure  is  an  ellipse,  instead  of  a  circle   (fig.  62).     When  ^ 
wax  dries,  1  will  project  magnified  images  of  these  two  jWS 
iipon  the  screen,  and  you  will  then  see  the  circular  figure  rf 
the  melted  wax  on  the  one,  and  the  oval  figure  on  the  otba 
Iceland-spar  conducts  better  along  the  ciystallographic  iiii 
thiin  at  right  angles  to  it,  while  a  crystal  of  tounnaline  con- 
ducts best  at  right  angles  to  its  axis.    The  metal  hiamirt^   | 
with  which  you  are  already  acquainted,  cleaves  with  gw**    i 
facility  in  one  direction,  and,  as  well  shown  by  MM.  Svasbeig    : 
and  Matteui^oi,  it  conducts  both  heat  and  electricity  be*t* 
along  the  planes  of  cleavage  than  across  them. 

(250)  In  wood,  we  have  an  eminent  example  of  this  *■' 
ferenco  of  conductivity.  Many  years  ago,  MM,  de  la  B'* 
and  Dc   CandoUe  instituted  an  inquiry  into  the  coDducli'^ 
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mer  of  wood,*  and,  in  the  case  of  five  spedmens  esuunined, 
tablulied  the  lact  that  the  velodty  of  transmiMion  was 
eAter  along  the  fibre  than  across  it.  The  manner  of  ezperi- 
ent  was  that  usually  adopted  in  inquiries  of  this  nature,  and 
hidi  was  applied  to  metals  by  M.  Despret&f  A  bar  of  the 
ibstance  was  taken,  one  end  of  which  was  brought  into  oon- 
ici  with  a  source  of  heat,  and  allowed  to  remain  there 
atfl  a  state  of  equilibrium  was  assumed.  The  temperatures 
Gained  by  the  bar,  at  various  distances  from  its  heated  end, 
ere  ascertained  by  means  of  thermometers,  fitted'  into  cavi- 
es  made  to  receive  them ;  from  these  data,  with  ihe  aid  of  a 
eD-known  formula,  the  conductivity  of  the  wood  was  deter> 
lined. 

(260)  To  determine  the  velocity  of  calorific  transmission 
1  different  directions,  through  wood,  the  instrument  shown 
d  fig.  63  was  devised,  some  years  ago,  by  myselC  Q  q'  b  r' 
s  an  oblong  piece  of  mahogany,  a  is  a  bar  of  antimony,  b  is 
I  bar  of  bismuth.  The  united  ends  of  the  two  bars  are  kept 
in  close  contact  by  the  ivory  jaws  i  f,  and  the  other  ends  are 
let  into  a  second  piece  of  ivory,  in  which  they  are  firmly  fixed. 
horn  these  ends  proceed  two  pieces  of  platinum  wire  to  the 
fittle  ivory  cups  M  M,  communicating  with  a  drop  of  mercury 
piioed  in  the  interior.  Two  small  projections  are  observed  in 
the  %ure,  jutting  from  1 1' ;  across,  from  one  projection  to 
the  other,  a  fine  membrane  is  stretched,  thus  enclosing  a  little 
dumber  m,  in  front  of  the  wedge-like  end  of  the  bismuth  and 
tntiroony  junction ;  the  chamber  has  an  ivory  bottom,  s  is  a 
wooden  slider,  which  can  be  moved  smoothly  back  and  for- 
wurd  along  a  bevelled  groove,  by  means  of  the  lever  l.  This 
lever  turns  on  a  pivot  at  Q,  and  fits  into  a  horizontal  slit  in  the 
slider,  to  which  it  is  attached  by  the  pin  p'  passing  through 
both ;  in  the  lever  an  oblong  aperture  is  cut,  through  which 
/  passes,  and  in  which  it  has  a  certain  amount  of  lateral  play, 
0  as  to  enable  it  to  push  the  slider  forward  in  a  straight  line. 

*  M^m.  de  la  Soo.  de  Geneve,  vol.  iv.  p.  70. 

t  Axmalefl  do  Cliim.  et  de  Pliys.,  Deoembcr,  1887. 
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Two  projections  are  seen  at  the  and  of  the  slider;  sons 
these,  from  projection  to  projection,  a  thin  memhrane  ii 
stretched ;  a  chamber  fn  is  thus  formed,  with  three  sides  aod 
a  floor  of  wood,  and  bounded  in  front  by  the  membrane.  A 
thin  platinum  wise,  bent  up  and  down  several  times,  so  as  to 
form  a  kind  of  grating,  was  laid  against  the  bade  of  the 
chamber  m\  and  embedded  in  the  end  of  the  slider  b^  the 
stroke  of  a  hammer ;  the  end  was  then  filed  down,  until  aboot 
half  the  wire  was  removed,  and  the  whole  reduced  to  a  nni- 
form  flat  sor&ce.  Against  the  oomuKm  sur&ce  of  the  slider 
and  wire,  an  extremely  thin  plate  of  mica  was  glued,  sufficienti 
simplj,  to  interrupt  all  contact  between  the  bent  wire  ani  t 
drop  of  mercury,  which  the  chamber  tn'  is  destined  to  oos> 
tain ;  the  ends  to  to'  of  the  bent  wire  proceed  to  two  smill 
cisterns  e  c',  hollowed  out  in  a  slab  of  ivcMrj,  and  filled  iridi 
mercury.  The  end  of  the  slider  and  its  bent  wire  are  showi 
in  fig.  64  The  rectangular  space  e/ff  h  (fig.  63)  is  cut  quite 
through  the  slab  of  maliogany,  and  a  brass  plate  is  screwed  to 
the  latter  underneath  ;  from  this  plate  (which  is  cut  awaj,  tf 
shown  by  the  dotted  lines  in  the  fig^ure)  four  conical  ifoiy 
pillars  abed  project  upward ;  though  appearing  to  be  upon 
the  same  plane  as  the  upper  surfaces  of  the  bismuth  and  anti- 
mony bars,  the  points  of  the  pillars  are,  in  reality,  0*3  of  tn 
inch  below  the  said  surfaces. 

(261)  The  body  to  be  examined  is  reduced  to  the  shapeof  a 
cube,  and  placed,  by  means  of  a  pair  of  pliers,  upon  the  four  sop- 
poTtaabcd/  the  slider  s  is  then  drawn  up  against  thecubei 
and  the  latter  becomes  firmly  clasped  between  the  projections  rf 
the  piece  of  ivory  1 1'  on  the  one  side,  and  those  of  the  slider  B 
on  the  other.  The  chambers  tn  and  tn!  being  filled  with  D)e^ 
cury,  the  membrane  in  front  of  each  is  pressed  gentiyagaio^ 
the  cube  by  the  interior  fluid  mass,  and,  in  this  way,  a  iH^ 
form  contact,  which  is  absolutely  essential,  is  secured. 

The  problem  which  requires  solution  is  the  following:  * 

is  required  to  apply  a  source  of  boat,  of  a  strictiy  measursb* 

^ter,  and  always  readily  attainable,  to  that  face  of  t^ 


:  ^,  :LLjxT  jls  a  mode  of  motion. 

:'^:*:  -vix-^  ^  :^  o:auot  with  the  membraue  m'  at  the  end 
.if  i2tf  «L>:irr.  xzjI  io  determine  what  quantity  of  this  hett 
:r.ss:!«  :i>^  :'^:<  uy  the  opposite  face,  during  a  minute  of 

i^'::    Tj  jccftin  a  souzce  of  heat,  of  the  nature  described, 
ir^  ^.L.'.'vti;;   ^Rfsbcu  was  adc^ted:  b  is  a  small  galvuuc 

:a::T  -7.  r*:cz  vri^h  a  current  proceeds  to  the  tangent  oompan 
r .  7iks«s«::«  r:«.=ri  sise  rinjr  of  the  instrument,  deflecting  in  its 

•LxfO^.'  ii't  ra^ipesic  needle,  which  hangs  in  the  centre  of  the 
r.:^  Fr:*:::  7  ibe  current  proceeds  to  the  rheostat  k;  tiiis 
■.::>' r^is^czz  jvcsisis  of  a  cylinder  of  serpentine  stone,  round 
■*■  :«»:ii  A  O^rrsiSrfilrer  wire  is  coiled  spirally ;  by  turning  the 
':  k  ;.•  Ut'  .' :  :^<  i=^iru::3o::t,  any  required  quantity  of  this  poira^ 
rjl'.v  rf:«i:5a;.3^  wire  :<  thrown  into  the  circuit,  the  current  be- 
::\j:  :  1,2s  re*^^ACed  at  pleasure.  The  sole  use  of  these  last  two 
...<:r.:vj.v''£:»«  is  the  present  series  of  experiments,  is  to  keep 
:"-.:  ,-urrvu5  perfectly  coxkstant,  firom  day  to  day.  From  the 
ri-."*.-^i4:  ihe  iMrrenr  pnveeds  to  the  cistern  c,  thence  through 
:"-.:•  St.:  wire,  aovi  hack  to  the  cistern  c\  from  which  it  pio* 
A\v:5  Tv^  :he  other  pole  of  the  battery. 

Cvo  •  The  K":::  wire,  during  the  passage  of  the  current, 
SNV.ues  i:rva:ly  hejiuxi;  the  heat  is  transmitted  through  the  • 
r.*..Tv-urv  in  the  obaniber  m'  to  the  membrane  in  front  of  the 
/:',A:v.':vr:  this  membrane  beoomes  the  proximate  source  of 
Iu'a:  j»r:>'.:tvi  to  ihe  left-hand  face  of  the  cube.  The  quantity 
v^f  ■::'.\-*:  t::i:ismiitt»vl  (rom  this  source,  through  the  mass  of  the 
v*;;lv,  tv>  the  op^v^site  face,  in  any  given  time,  is  estimated 
!Vvvr.  the  Jetlev^iion  which  it  is  able  to  produce  upon  the  nee- 
ille  o:'  a  irah"anometer,  connected  with  the  bismuth  and  «n- 
ti:iu»nv  \\\\t,  g  is  a  galvanometer,  used  for  this  purpose; 
I'lXMu  it  j»r\\\x\i  wires  to  the  mercury  cups  M  ic,  which,  as 
b*Mori»  rxMuarkoil,  are   connected  by  platinum  wires  with  A 

iiiul  It. 

(v»Il)  The  action  of  mercury  upon  bismuth,  as  a  solvent, is 
^*'ell  known ;  an  amal^m  is  speedily  formed  when  the  two 

als  come  into  contacts     To  preserve  the  thermoKjlectric 


nsTsmifiNm 

taafk  from  tbis  xotioo,  tfaeir  ends  are  protected  by  k 

bg  of  the  sftine  memtasae  as  thst  uaed  la  front  of  tlte  ohui^ 

(^)  Previona  to  the  cube's  being  pUoed  bdtveen  the  two 
aRabnnes,  the  latter,  by  virtue  of  the  fluid  miBBea  bobind 
Aan,  bo^  out  B  little,  thus  fonning  a  pair  of  soA  and  ■H^dy 
•iMTex  (juahioua.  Wbeo  the  cube  is  placed  on  tta  supports, 
Iti  the  slider  is  brought  up  against  it,  both  ooihioiu  ar« 
"pmsed  flat,  and  thus  tbe  contact  is  made  pertsot.  The  sui- 
Ike  of  the  oube  is  Urg«r  than  the  surface  of  the  nenibniie ;  * 
wi  hence  the  former  is  always  firmly  caught  between 
'^  opposed  rigid  projections,  the  slider  being  held  &st  in 
in  position  by  means  of  the  spring  r,  which  is  thea  attached 
to  the  pin  p.  Tbe  exact  manner  of  the  oKperiment  is  ss  (ol- 
Haring  first  seen  that 'the  needle  of  the  galvanometer 
Ifofaits  to  zero,  when  the  therm o-cirouit  is  oomfdete,  the  latter 
b  intcmipted  by  means  of  the  break'^ircuit  key  if.  At  a  oer- 
r  Inn  moment,  marked  by  the  Gecond'hand  of  a  watch,  the  vol- 
taic circuit  is  closed  by  the  key  k,  and  the  current  is  permitted 
to  circulate  for  sixty  seotMids ;  at  tbe  sixtieth  second  the  vol- 
tuo  circuit  is  bnjcen,  by  the  left  hand  at  k,  whUe,  at  the  same 
Mtant,  the  thermo-electric  circuit  is  closed  by  the  right  hnnd 
AV.  The  needle  of  the  galvanometer  is  instantly  deflected, 
ud  die  limit  of  the  first  impulsion  is  noted.  The  amount  of 
ftn  impukion  depends,  of  course,  upon  the  quautity  of  heat 
vtiiclihas  reached  the  bismuth  and  antimony  junotiou,  through 
As  mass  of  the  cube,  during  the  time  of  action.  The  limit  of 
As  fint  impulsion  being  noted,  the  cube  is  removed,  and  the 
■uimmeat  is  allowed  to  oool,  until  tbe  needle  of  tbe  galvu- 
■ometer  returns  again  to  zero. 

(266)  Judging  from  the  description,  the  mode  of  expori- 
»nt  mAj  appear  complicated,  but,  in  reality,  it  is  not  so.  A 
single  experimenter  has  the  most  complete  command  over  the 
TOtiie  STTangement.  The  wires  from  the  smalt  galvanic  bat- 
**7  (» lingle  cell)  remain  undisturbed  from  day  to  day ;  all 
*  Tho  edga  of  each  cubo  meunrad  O'S  inch. 
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that  is  to  be  done  k  to  oonneot  the  hMerj  with  tiieBii  iii 
ereiy  thing  is  retdjr  for  ezperiment. 

(267)  There  ue  in  wood  three  lines,  st  xi^^t  tnglei  to 
ettdi  other,  which  the  mere  inspection  of  the  snbstmoeeDtUei 
vs  to  fix  upon,  as  the  necessary  resultants  of  molecokr  actios: 
ths  first  line  is  parallel  to  the  fibre ;  the  second  is  ^parpegMJ» 
nlartoit,and  to  the  ligneous  layers  which  indicate  the  snssd 
growth  of  the  tree ;  while  the  third  is  peipendionlsr  to  Urn 
fibre,  and  parallel,  or  rather  tangential,  to  the  layers.  ¥nm 
each  of  a  number  of  trees  a  cube  was  cnt|  two  of  the  horn 
being  parallel  to  the  ligneous  layers,  two  perpendindir  k 
them,  while  the  remaining  two  were  peix>endioularto  theflia 
It  was  proposed  to  examine  the  yelodty  of  calorifie  trBiiiii» 
sion  through  the  wood  in  these  three  directioiis.  ttmsyba 
iwnarked,  that  the  wood  was  m  all  cases  wdl  seasoned  mI 

diy. 

(266)  The  cube  was  first  placed  upon  its  ioiir  sqiport% 

ahed^ao  that  the  line  of  flux  horn  m' io  m was  psrslU  to 

the  fibre,  and  the  deflection,  produced  by  the  heat  **■«— s**«^ 

in  sixty  seconds,  was  observed    The  cube  was  then  pheri 

with  its  fibre  vertical,  the  line  of  flux  from  m'  to  st  beinf  pSP- 

pencHcular  to  thefibre, and  parallel  to  the  ligneou  kyenjtiie 

deflection  produced  by  a  minute's  action,  in  this  case^wasabo 

determined.    Finally,  the  cube  was  turned  W  round,  iftsiiiiie 

being  still  vertical,  so  that  the  line  of  flux  was  ptwpfmrJiftwWr 

to  both  fibre  and  layers,  and  the  consequent  delleolioa  iMS 

observed    In  the  ccnnparison  of  these  two  latter  diieeiioiM^ 

the  chief  delicacy  of  manipulation  is  necessary.    It  leqoiNi 

but  a  rough  experiment  to  demonstrate  the  superior  veboi^ 

of  propagation  along  the  fibre,  but  the  velocities  in  all  dki^ 

tions  perpendicular  to  the  fibre  are  so  nearly  equal  that  it  i* 

(Teat  care,  and,  in  the  majority  of  cases,  by  numeioii 

its,  that  a  difference  of  action  can  be  securely  eetd^ 

The  following  teble  conteins  some  of  the  lesultB  of 
7 ;  it  will  explain  itself: 
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9*5 

8*8 

9*8 

11*0 
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9*9 

9*9 

10*4 

10-7 

11-4 

11-0 

11-0 

11-9 

10-0 

110 

8*6 

10-5 

9*5 

8-0 

10-0 

10*2 

101 

10-6 

90 

11-9 

11-0 

10*0 

10-0 

100 

11-6 

10-0 
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ll-O 
11-0 
10-8 
18-8 
18-0 
18-1 
18-0 
18^ 
12-6 
11*7 
18*6 
180 
18-0 
18*6 
11-7 
121 
10-0 
18-8 
11-5 

9-4 
18-6 
18-4 
11-6 
18-8 
10-0 
18-9 
12-0 
11-6 
120 
11-5 
12-5 

12-0 


The  above  table  furnishes  us  with  a  oorroboration 
lilt  arrived  at  by  De  la  Rive  and  De  Gandolle,  re* 
le  superior  conductivity  of  the  wood  in  the  direction 
■e.     Evidence  is  also  afforded  as  to  how  little  mere 
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density  affects  the  velocitj  of  transmission.    There  appears 
to  be  neither  law  nor  general  rule  here.     American  birch,  a 
comparatiyely  light  wood,  possesses,  undoubtedly,  a  higher 
transmissive  power  than  any  other  in  the  list.     Iron-wood,  on 
the  contrary,  with  a  specific  gravity  of   1*426,  stands  low. 
Again,  oak  and  Coromandel-wood — ^the   latter   so  hard  and 
dense  that  it  is  used  for  sharp  war-instruments  by  sayage  tribes 
— stand  near  the  head  of  the  list,  while  Scotch  fir  and  other 
light  woods  stand  low. 

(271)  If  we  cast  our  eyes  along  the  second  and  third  col- 
umns of  the  table,  we  shall  find  that,  in  every  instance,  the 
velocity  of  propagation  is  greatest  in  a  direction  perpendiculv 
to  the  ligneous  layers.  The  law  of  molecular  action,  as  re* 
gards  the  transmission  of  heat  through  wood,  may  therefore 
be  expressed  as  follows  : 

At  aU  the  poifits^  not  situate  in  the  centre  of  the  tree^  wood 
possesses  three  unequal  (xxes  oj^  calorific  conductiony  which  art 
at  rif/ht  angles  to  each  other.  The  first  and  principal  (ms^ 
parallel  to  the  fibre  of  the  wood  ;  t/ie  second  and  intermedusU 
axis  is  perpefidicular  to  the  fibre^  and  to  the  ligneous  layenj 
while  the  third  and  least  axis  is  2>crpendicular  to  the  J^) 
and  parallel  to  the  layers. 

(272)  MNL  De  la  Rive  and  De  Candolle  have  remarked 
upon  tlie  influence  which  its  feeble  conducting  power  in  » 
lateral  direction  must  exert  in  preserving  within  a  tree  the 
warmth  which  it  acquires  from  the  soil.     In  virtue  of  tbfl 
property,  a  tree  is  able  to  resist  sudden  changes  of  tempc^ 
ture,  which  would  probably  be  prejudicial  to  it :  it  resists  alfl^^ 
the  sudden  abstraction  of  heat  from  within,  and  the  sudd** 
accession  of  it  from  without.     But  Nature  has  gone  furtl»*'» 
and  clothes  the  tree  with  a  sheathing  of  worse-conducting  **^" 
terial  than  the  wood  itself,  even  in  its  worst  direction.    'X^^ 
following  are  the  deflections,  obtained  by  submitting  a  n"*^^ 
bcr  of  cubes  of  bark,  of  the  same  size  as  the  cubes  of  wo^  ' 
to  the  same  conditions  of  experiment: 
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Beech-tree  b«rk  .    T 

Osk-lr^'  bark     .  1 

Ebn-trcc  bark  t 

Fioc-lree  bark    ...  7 

The  directioa  of  traDamisBion,  in  these  caseB  m  t 

irtiTJor  aiirface  of  the  bark      ■• 

(273)  The  average  defli  I  of  wik 

Kbea  tbe  ilux  is  latcnil,  mi        a  ' 
13°; 
Imbe  of  rook-orystal  (pure  silica),  of  the  same  size,  produc 
K  deflection  of 


(274)  There  are  the  strongest  experimental  grounds  for 
idieying  that  rock-crystal  possesses  a  higher  conductive 
power  than  some  of  the  metals. 

(2*5)  The  following  numbers  eapress  the  transmissive 
poirer  of  a  few  other  organic  structures : 

Tooth  of  vfJruB .  .  .  .  .  .IS 

Tusk  of  EuBt- Indian  elcphaut  ...  IT 

WbaleboBt. 9 

RbinocerDS-honi        .....  D 

Cow"ehorQ  ......       9 


(276)  The  substances  used  in  the  construction  of  organic 
'luueB  arc  exactly  such  as  are  best  calculated  to  resist  sudden 
'liiiDges  of  temperature. 

(277)  The  following  results  further  illustrate  this  point, 
^h  of  the  substancee  mentioned  was  reduced  to  the  cubical 
form,  Mni  submitted  to  an  examination,  similar  in  eveiy  r* 
*P*'^  to  that  of  wood  and  quartz.  While,  however,  a  cube  of 
•flitter  substance  produces  a  deflection  of  yO°,  a  cube  of 

Sealing-iriu  produces  a  defleclioa  of  .  .  .0* 
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0* 

GnttA-pcrdtt   .  .0 

IiKiift-rBbb«r          .....  0 

fl1berv4Ecnid  .                                     .            .  .0 

Almoiid'kemel       •            .            .            •            •  0 

Boiled  bam-iii««cle                                           .  .0 

Baw  Teftl-miude   .....  0 


(278)  The  substances  -here  named  are  animal  and  Toge* 
table  productions;  and  the  experiments  demonstrate  the ei- 
tn^ine  imperviousness  of  every  one  of  them.  Starting  from 
tho  principle,  that  sudden  accessions  or  deprivations  of  heit 
are  prejudicial  to  animal  and  vegetable  health,  we  see  tfatf 
the  materials  chosen  are  precisely  those  best  caknlated  to 
avert  such  changes. 

(270)  I  wish  now  to  direct  jour  attention  to  what  may,  it 
first  sight,  appear  to  jou  a  parodoxical  experiment :  Here  ii 
a  short  prism  of  bismuth,  and  here  another  of  iron,  of  tiie 
same  size.     The  ends  of  both  prisms  are  coated  with  white 
wax,  and  placed,  with  their  coated  surfaces  upward,  on  the 
lid  of  this  vessel,  which  contains  hot  water.     The  motion  of 
heat  will  propagate  itself  through  the  prisms,  and  jou  are  to 
observe  the  melting  of  the  wax.     It  is  already  beginning  to 
yield,  but  on  which  ?    On  the  bismuth.     And  now  the  white 
has  entirely  disappeared  from  the  bismuth,  the  wax  ove^ 
spreading  it  in  a  transparent  liquid  layer,  while  that  on  the 
iron  is  not  yet  melted.     How  is  this  result  to  be  reconciled 
with  the  fact,  stated  in  our  table  of  conductivities,  that,  the  con- 
duction of  iron  being  12,  the  conduction  of  bismuth  is  only  8? 
In  this  experiment,  the  bismuth  seems  to  be  the  best  con- 
ductor.    We  solve  this  enigma  by  turning  to  our  table  of 
specific  heats  (page  129),  where  we  find  that,  the  spedfio  heat 
Iron  being  0.1138,  that  of  bismuth  is  only  0.0308 ;  to  Ae, 
efore,  a  certain  number  of  degrees  in  temperature,  irt* 
ires  more  than  three  times  the  absolute  quantity  of  heat 
dred  by  bismuth.     Thus,  though  the  iron  is  really  a  much 
"tier  conductor  than  the  bismuth,  and  is  at  this  moment  ao* 
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eepto^y  in  eveiy  unit  of  time^  amuoh  gresteranioiiiit  of  heat 

[  tho  the  bismiitli,  still,  in  ocnueqiienoe  of  the  number  of  its 

iloiiu^  or  the  magnitude  of  its  interior  woric,  the  angmenta- 

tioo  of  temperature  in  its  otse  is  slow.    Bismuth,  on  the  eon- 

fnrjj  csn  immediately  devote  a  laige  proportion  of  the  heat 

ignited  to  it,  to  the  augmentation  of  temperature;  and  thus 

it  appsrently  outstrips  the  iron,  in  the  transmission  of  that 

notioo,  to  wiiioh  tempentuze  is  due. 

(MO)  You  see  here,  yeiy  jribinl^,  the  inooneotness  of  the 
Mements  sometimes  made  in  bocdcs,  and  fiequently  also  by 
nsrWditoB  in  our  soienoe  ezaminationS|^  regarding  the  ttxpenr 
■BDt  of  Tngenhausa,  abesdy  reierred  tow  It  is  usually  stated 
tbt  the  greater  the  quleknM$  with  whieh  the  wax  melts,  the 
htter  is  the  oonduotor.  If  the  bad  conduofcor  and  the  godd 
aatdaotcxr  have  the  same  BjpedBo  heat,  this  is  true;  but  in 
ifter  cases,  as  pio?ed  by  our  last  experiment,  it  may  be  en- 
Mjr  incorrect.  The  proper  way  of  proceeding,  as  already 
Uicated,  is  to  wait  until  both  the  iron  and  the  bismuth  have 
tttained  a  constant  temperature — ^till  each  of  them,  in  fact, 
btt  accepted,  and  is  transmitting,  all  the  motion  which  it  can 
looept,  or  transmit^  from  the  source  of  heat;  when  this  is 
done,  it  is  found  that  the  quantity  transmitted  by  the  iron  is 
Btny  times  greater  than  that  tamsmitted  by  the  bismuth. 
f<m  remember  our  experiments  with  the  Trevelyan  instru- 
Bent,  and  know  the  utility  of  having  a  highly-expansible  body 
II  the  bearer  of  the  rocker.  Lead  is  good,  because  it  is  thus 
opsnsible.  But  the  coefficient  of  expansion  of  zinc  is  slightly 
uglier  than  that  of  lead ;  still  zinc  does  not  answer  well,  as  a 
ibck.  The  reason  is,  the  specific  heat  of  zinc  is  more  than 
bree  times  Ihat  of  lead,  so  that  the  heat,  communicated  to 
lie  zinc  by  the  contact  of  the  rocker,  produces  only  about  one- 
liird  the  augmentation  of  temperature,  and  a  correspondingly 
mall  amount  of  local  expansion. 

{2S1)  These  considerations  also  show  that,  in  our  experi- 
lents  on  wood,  the  quantity  of  beat  transmitted  by  our  cube 
I  one  minute's  time  cannot,  in  strictness,  be  regarded  as  the 
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expression  of  the  oonductivitj  of  the  wood,  unless  the  sp 
heat  of  the  yarious  woods  be  the  same.  On  this  point,  n 
periments  have  been  made.  But,  as  regards  the  inflaen< 
molecular  structure,  the  experiments  hold  good,  for  hex 
compare  one  direction  with  another,  in  the  same  cube, 
respect  to  organic  structures,  I  maj  add  that,  even  aUo 
them  time  to  accept  all  the  motion,  which  they  are  capab 
accepting,  from  a  source  of  heat,  their  power  of  transmi 
that  motion  is  exceedingly  low.  Thej  are  really  bad 
ductors. 

(282)  It  is  the  imperfect  conductibility  of  woollen  text 
which  renders  them  so  eminently  fit  for  clothing.  The} 
serve  the  body  from  sudden  accessions,  and  from  sudden  1 
of  heat^  The  same  quality  of  non-conductibility  man 
itself,  when  we  wrap  flannel  round  a  block  of  ice.  Tb 
thus  preserved  is  not  easily  melted.  In  the  case  of  a  h 
body,  on  a  cold  day,  the  woollen  clothing  prevents  the  i 
mission  of  motion  from  within  outward.  In  the  case  o 
ice,  on  a  warm  day,  the  self-same  fabric  prevents  the  t 
mission  of  motion  from  without  inward.  Animals  whic 
habit  cold  climates  are  furnished  by  Nature  with  their  i 
sary  clothing.  Birds,  especially,  need  this  protection,  for 
arc  still  more  warm-blooded  than  the  mammalia.  The 
furnished  with  feathers,  and  between  the  feathers  the 
stioes  are  filled  with  down,  the  molecular  constitutioi 
mechanical  texture  of  which  render  it,  perhaps,  the  wo: 
all  conductors.  Here  we  have  another  example  of  that  h 
nious  relation  of  life  to  the  conditions  of  life,  which  is 
santly  presented  to  the  student  of  natural  science. 

(283)  The  indefatigable  Rumford  made  an  elaborate 
of  experiments,  on  the  conductivity  of  the  substances  v 
clothing.*  His  method  was  this :  A  mercurial  thcrmc 
was  suspended  in  the  axis  of  a  cylindrical  glass  tube,  < 
with  a  globe,  in  such  a  manner  that  the  centre  of  the  b 
the  thermometer  occupied  the  centre  of  the  globe :  the 

•  Phil.  Trans.  1792,  p.  48. 
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etween  the  internal  surfiuse  of  the  globe  and  the  bulb,  was 
lied  with  the  substance  whose  conductive  power  was  to  be 
etermined ;  the  instrument  was  then  heated  in  boiling  water, 
od  afterward  plunged  into  a  freezing  mixture  of  pounded  ice 
nd  salt,  the  times  of  cooling  down  135^  Fahr.  being  noted, 
liej  are  recorded  in  the  following  table : 


SarTOonded  with 
Twisted  silk 
Fine  lint 
Cotton-wool 
Sheep*8  wool 
Taffety 
Raw  silk     • 
Beavers'  fur 
Eider-down 
Hares*  fiir 
Wood-ashes 
Charcoal 
Lamp-black 


•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 


Seoonda. 
.     917 

1082 
.  1046 

1118 
.  1169 

1264 
.  1296 

1806 

.  1812 

927 

.     987 

1117 


(284)  Among  the  substances  here  examined,  hares'  fur 
offered  the  greatest  impediment  to  the  transmission  of  the 
lieat 

(285)  The  transmission  of  heat  is  powerfully  influenced  by 
the  mechanical  state  of  the  body  through  which  it  passes. 
'Rie  raw  and  twisted  silk  of  Rumford's  table  illustrate  this. 
Pure  silica,  in  the  state  of  hard  rock-crystal,  is  a  better  con- 
fctor  than  bismuth  or  lead ;  but,  if  the  crystal  be  reduced  to 
powder,  the  propagation  of  heat  through  that  powder  is  ex- 
<5eediugly  slow.  Through  transparent  rock-salt  heat  is  copi- 
ously conducted,  through  common  table-salt  very  feebly.  Here 
^  some  asbestos,  a  substance  composed  of  certain  silicates  in 
«  fibrous  condition ;  I  place  it  on  my  hand,  and  on  the  asbestos 
a  red-hot  iron  ball :  the  ball  can  be  supported  without  incon- 
venience. The  asbestos  intercepts  the  heat.  Tliat  this  divis- 
ion of  the  substance  should  interfere  with  the  transmission 
might  reasonably  be  inferred ;  for,  heat  being  motion,  any 
thing  which  disturbs  the  continuity  of  the  molecular  chain, 
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along  which  the  motion  is  oonreyed,  must  aflfeot  the  tnuumi^ 
sion.    In  the  case  of  the  asbestos,  the  fibres  of  the  silioateiaie 
separated  from  each  other  by  spaces  of  air ;  to  propagate  itfld^ 
therefore,  the  motion  has  to  pass  from  the  solid  to  the  air,  t 
very  light  body,  and  again  from  the  air  to  the  solid,  a  oooqitf' 
atively  heavy  body ;  and  it  is  easy  to  see  that  the  tnuasmiflM 
of  motion  through  this  composite  texture  must  be  very  ilnpa^ 
feet.     In  the  case  of  an  animaPs  fur,  this  is  more  espeoitDj 
the  case ;  for  here,  not  only  do  spaces  of  air  intervene  between 
the  hairs,  but  the  hairs  themselves,  unlike  the  fibres  of  tlie 
asbestos,  are  very  bad  conductors.     Lava  has  been  known  to 
flow  over  a  layer  of  ashes,  underneath  which  was  a  bed  of  ioe^ 
and  the  non-conductivity  of  the  ashes  has  saved  the  ice  firon 
fusion.     Red-hot  cannon-balls  may  be  wheeled  to  the  gon^ 
mouth  in  wooden  barrows  partially  filled  with  sand.    loe  it 
packed  in  sawdust,  to  prevent  it  from  melting ;  powdered  ohl^ 
coal  is  also  an  eminently  bad  conductor.     But  there  are  OMOi 
where  sawdust,  chaff,  or  charcoal,  could  not  be  used  with  siie- 
ty,  on  account  of  their  combustible  nature.     In  such  cuefl^    \ 
IK)wdercd  g3rpsum  may  be  used  with  advantage ;  in  the  aoliil 
crystalline  state,  it  is  an  incomparably  worse  conductor  thin 
silica,  and  it  may  be  safely  inferred  that,  in  the  powdered 
stato,  its   imperviousncss  far  transcends   that  of  sand,  each 
grain  of  which  is  a  good  conductor.      A  jacket  of  gypsuO" 
powder,  round  a  steam-boiler,  would  materially  lessen  its  lo6f 
of  heat. 

(286)    Water  usually  holds  certain   minerals  in  BcinfkKi 

In  percolating  through  the  earth,  it  dissolves  more  or  letf  <» 

the  substances  witli  which  it  comes  into  contacts     For  exiO' 

pie,  in  chalk  districts,  the  water  always  contains  a  quantity  v 

carbonate  of  lime ;  such  water  is  called  hard  toaier.    Sulph*^ 

'^^  lime  is  also  a  common  ingredient  of  water.     In  evapoi*^ 

the  water  only  is  driven  off,  the  mineral  is  left  hfltiA 

Q  in  quantities  too  great  to  be  held  in  solution  by  ^^ 

sr.     Many  springs  are  strongly  impregnated  with  carbo**' 

of  lime,  and  the  consequence  is,  that  when  the  waters  * 
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such  springs  reach  the  surface,  and  are  exposed  to  the  air, 
where  they  can  partially  evaporate,  the  mineral  is  precipi- 
tated, and  f onns  inorustationB  on  the  surfiaces  of  plants  and 
atones,  orer  which  the  water  trickles.  In  boiling  water,  the 
•Hue  oeours;  the  minerals  are  precipitated,  and  there  is 
■enedy  a  kettle  in  London  which  is  not  internally  coated 
iritti  a  mineral  incmstation.  This  is  an  extremely  serious 
tfhndtj,  as  regards  steam-boilers ;  the  crust  is  a  bad  ccm- 
dvlor,  and  it  may  become  so  thick  as  materially  to  in- 
taMpt  the  passage  of  heat  to  the  water.  Before  you  is 
■  eiampie  of  this  mischief.  This  is  a  portion  of  a  boiler 
Wnnging  to  a  steamer,  which  was  all  but  lost  through  the 
wjwation  of  her  coals :  to  bring  this  vessel  into  port,  her 
-^mi  and  ewery  other  piece  o£  svailaUe  wood,  were  bumt^ 
Qiwsmination,  this  formidable  incmstation  was  found  within 
fts boiler:  it  is  munly  carbonate  of  lime,  which  by  its  non- 
isMnflting  power  rendered  a  prodigal  expenditure  of  fuel 
■taHBuy,  to  generate  the  required  quantity  of  steam. 
IMbthsBi  the  slowness  of  many  kettles  in  boilmg  would  be 
'ismA  doe  to  a  similar  cause. 

(287)  One  or  two  instances  of  the  action  of  good  oonduc- 
ton,  in  preventing  the  local  accumulation  of  heat,  will  not  be 
out  of  place  here.  These  two  spheres  are  of  the  same  size, 
and  are  both  covered  closely  with  white  paper.  One  of  them 
ii  copper,  the  other  is  wood.  I  place  a  spirit-lamp  underneath 
etch  of  them.  The  motion  of  heat  is,  of  course,  communi- 
ctting  itself  to  each  ball,  but,  in  one,  it  is  quickly  conducted 
awtj  ^m  the  place  of  contact  with  the  flame,  through  the 
entire  mass  of  the  ball ;  in  the  other,  this  quick  conduction 
^  not  take  place,  the  motion  therefore  accumulates  at  the 
pout  where  the  flame  plays  upon  the  ball ;  and  here  you  have 
tteiesull  On  turning  up  the  wooden  ball,  the  white  paper 
Vieeo  to  be  charred;  the  other  ball,  so  far  from  being  charred, 
Ii  W0l,  at  its  under  surface,  by  the  condensation  of  the  aque- 
^  vapor  generated  by  the  lamp.  Here  is  a  cylinder  covered 
4)8e!y  with  paper ;   I  hold  its  centre,  thus,  over  the  lamp, 
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J  it  so  that  the  flame  shall  plaj  mil  round  the  cjlinderi 
r>u  see  a  wdl-defiDcd  faJack  mark,  on  one  side  of  whioh  tk 
fuper  is  charrvd.  od  the  other  side  not  The  cylinder  is  M 
bckss  asd  half  wood,  and  this  blade  mark  shows  their  lined 
j-jik-u.ii;  where  the  paper  covers  the  wood,  it  is  chaired; 
«  beie  it  coT>er5  the  brass,  it  is  not  sensibly  affected. 

t  •>>!  If  the  entire  moving  force  of  a  oonmion  rifle-bdkl 

wo.-v  cozimunicated  to  a  hearr  cannon-ball,  it  would  prodiM 

:n  :h^  !a::or  a  rerr  small  amount  of  motion.     Si^posing  tlio 

rir'r^-S^lJet  to  we;^  two  ounces,  and  to  have  a  vdoGitjrf 

I.O  V  iK-rri  a  s<?\\<Ki,  the  moving  force  of  this  bullet,  comimai' 

cviUaI  to   a  1<A»-Ib  cannon-ball,  would  impart  to  the  ktteri. 

i'.!v«:ti'  of  onlv  3*2  feet  a  second.     Thu3  with  rcgaid  tot 

r^::2e:  ii5  i::>.>]<:vular  motion  b  very  intense,  but  its  weight  ii 

t  xirecx^iy  szual!,  and,  if  communicated  to  a  heavy  body,  tkl 

ir.:on>ity  of  the  motion  must  falL     Here,  for  example,  ii  s 

sbt^:  of  wir\^  iTiuze,  with  meshes  wide  enough  to  allow  airtl 

rv\>>  frtvly  through  them;  an  J  here  is  a  jet  of  gas,  bundng^ 

Vri'.li-intiy.     I   briiiir  down  the  wire  gauze  upon  the  flaii*il 

V  ;:  would  i:r.a^i:ie  that  the  flame  could  readily  pass  tbroagh 

tho  T:io>ht^  or"  the  gauze  :  but  no,  not  a  flicker  gets  through 

^•^jr.  vo*.     The  vxvnbustion  is  entirely  confined  to  the  8|afl* 

Ffe   &V  Fig.  6S. 


"^ior  the  gituzo.  I  extinguish  the  flame,  and  allow  the  \aSf 
^i  gns  to  stream  fn.>m  the  burner.  I  place  the  wire  gaiOB^ 
»«»  abinv  the  burner :  the  gas  is  now  freely  passing  through 
'  tnoshes.  On  igniting  the  gas  above,  you  have  the  flamfl^ 
i  it  tloes  not  propagate  itself  downward  to  the  burner  (6|^ 
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I.  You  see  a  daric  space  of  four  inches,  between  tbe 
rkt  md  the  gaiue,  a  spwe  filled  with  gas  in  a  oonditum 
itly  &Torable  to  ignitioo,  bat  BtiU  it  does  not  ignite. 
fOd  see,  this  metallic  gauze,  which  allowft-  the  gas  to 
■  frvdjlhrou^  intetoepts  the  flame.  And  wbyf  Aoe^ 
B  beat  t>  neceeeaiy,  to  came  the  gas  to  ignite ;  but  by 
dng  the  wire  gaose  aver  the  flame,  or  the  flame  over  tbe 
Vpnse^  jou  transfer  the  motioa  of  that  light  and  quiver- 
\  Hang  to  the  oontparatiTely  heavy  metal  The  intensity 
k  molecular  motion  is  greatly  lowered :  so  muob  lowered, 
bed,  that  it  is  uiocnnpeteDt  to  propagate  the  oombustion  to 
rappoaite  side  of  the  gauze. 

()69)  We  are  all,  unhappily,  too  well  acquainted  with  the 
Ala  aoodents  that  occur,  through  exploaiona  in  ooal-mineB. 
n  know  that  the  oanse  of  these  exfJosiona  is  the  presence 
rtain  gas — a  oompotuid  of  carbon  and  hydrc^en — gen- 
in  tbe  coal  strata.  Wben  this  gas  is  mixed  with  a 
■ftdcnt  quantity  of  air,  it  explodes  on  ignition,  the  carbon 
cf  Ibe  gas  uniting  with  tbe  oxygen  of  the  air,  to  produce 
■rbonic  acid ;  tbe  hydrogen  of  the  gas  uniting  with  the  oxy- 
gn  of  the  air  to  produce  water.  By  the  flame  of  the  explo- 
rioB  the  miners  are  burnt ;  but,  even  should  this  not  destroy 
Sfe^tbey  are  often  suflbcated  afterward,  by  the  carbonic  acid 
poduced.  The  original  gas  is  the  miner's "  fire-damp,"  tlie 
mbonic  acid  is  his  "  choke-damp."  Sir  Huiuphry  Davy,  after 
Wing  assured  bimself  of  tbe  action  of  wire  gauze,  just  ex- 
Uiled  before  you,  applied  it  to  the  construction  of  a  lamp, 
thidi  should  enable  the  miner  to  carry  bis  light  into  an  cxplo- 
lire  atmosphere.  Previous  to  tbe  introduction  of  the  mfety- 
lampj  tbe  miner  had  to  content  himself  with  the  light  from 
■pvks  produced  by  the  collision  of  flint  and  steel,  for  these 
paries  were  found  incompetent  to  ignite  the  fire-damp. 

(290)  Davy  surrounded  a  common  oil-lamp  by  a  cylinder 
f  wire-gauze  (fig.  67).  So  long  as  this  lamp  is  fed  by  pure 
ir,  the  flame  bums  with  the  ordinary  brightness  of  an  oil- 
une ;   but,  wben  the  miner  comes  into  sn  atmosphere  con> 
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tuning  "  foe^mp,^  his  flame  enlarges,  mad  beoomea  le» 
DouB  ;  instead  of  beiog  fed  by  tbe  pure  oxj-gen  of  tlie  ai 
now,'  in  part,  Bmrotuided  by  InfiammBble  gas.  This  enlaig 
of  the  flame  he  ought  to  take  as  a  warning  to  retire 
though  a  cootinuous  explosive  atmosphere  may  extrad 
the  air  outside,  through  the  meshea  of  the  gauze,  to  the 
within,  ignition  is  not  propagated  sctosb  the  game, 
lamp  may  be  filled  with  an  almost  lig 
Pu.  <n.  flame ;  still,  exfdosioa  does  not  ooon 

defect  in  the  gauze,  the  destruction  i 
wire  at  any  pcunt  by  oxidation,  hu 
by  the  flame  playing  agwnst  it,  ^ 
cause  explosion.  The  motion  of  the 
throu^  the  air  might  also  force,  an 
ioally,  the  flame  through  the  meeha 
short,  a  certain  amoimt  of  intelligent 
caution  is  necessary  in  using  the 
This  intelligence,  unhappily,  is  not  a 
possessed,  nor  this  caution  always 
cised,  by  the  miner ;  and  the  coDseq 
is  that,  even  with  the  safety-lamp,  i 
sions  still  occur.  Before  permitting  i 
or  boy  to  enter  a  mine,  would  it  n 
well  to  place  these  results,  by  experi 
visibly  before  himt  Mere  advice  wil 
enforce  caution ;  but  let  the  miner 
the  pliyaical  image  of  what  he  is  to  e 
clearly  and  vividly  before  his  mind,  a 
will  find  it  a  restraining  and  a  monitory  influence,  long 
tlic  effect  of  cautioning  tewd$  has  passed  away. 

(291)  A  word  or  two,  now,  on  the  conductivity  of  1 
and  gases.  Rumford  raade  numerous  experiments  O 
subject,  showing  at  once  clearness  of  conception,  and  s 
execution.  He  supposed  liquids  to  be  non-conductors,  < 
distinguishing  the  "  transport "  of  beat,  by  convection 
true  conduction ;  and,  in  order  to  prevent  convection 
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e  heated  them  at  the  top.    In  this  way,  he  found  the 

warm  iron  cylinder  InocuupeteDt  to  pass  downward, 
i'2  of  an  inoh  of  olive-oil ;  ha  aW  boiled  water  in  a 
le,  orer  ice,  without  melting  the  latter  subetanoe. 
'  experiments  of  M.  Despretz  apparently  show  that 
ossess  true  though  extremely  feeble  powers  of  oon- 

Rumford  also  denied  the  conductivity  of  gases, 
e  was  well  acquainted  with  their  convection.*  The 
r  gaseous  conduction  has  been  recently  taken  up  by 

H^nus,  of  Beriin,  and  this  distinguished  pbiloso- 
dders  Us  experiments  prove  that  hydrogen  gas  oon- 
t  like  a  metal 

The  cooling  action  of  air  by  convection  may  be 
farated :  On  sending  a  voltaic  current  through  this 
latinum  wire,  it  glows  bright  red. 
Tetch  out  the  coil,  eo  as  to  form  a  °' 

vire;  the  glow  instantly  sinks — ^you 
ly  see  it.  This  effect  is  due  to  the 
tss  of  the  cold  air  to  the  stretched 
ere,  again,  is  a  receiver,  n  (fig.  68), 
1  be  exhausted  at  pleasure ;  attached 
ottom  is  a  vertical  metal  rod,  m  n, 
igh  the  top  another  rod,  a  b,  passes, 
.n  be  moved  up  and  down  through 
ht  collar,  so  as  to  bring  the  ends  of 
ods  within  any  required  distance  of 
;r.  At  present,  the  rods  are  united 
aches  of  platinum  wire,  h  m,  which 
eated  to  any  required  degree  of  in- 
y  a  volt.iic  current.  On  establishing 
m  with  this  small  battery,  the  wire 

luminous  enough  to  bo  seen ;    in 

current  from  a  single  cell  only  is 
:  through  it.  It  is  surrounded  by 
1  is  carrying  off  a  portion  of  its  heat, 

"  rliil.  Tronfl.,  1732  ;  EaaajB,  vol.  i 
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rpc>?:Tor  i*  eibausicd,  the  wire  glows  more  brigbtly  tLan  bfr 
fon?,  I  illow  air  to  reenter — the  wire,  for  a  time,  is  quite 
quencbevi  :=  fioi,  rendered  perfectly  black ;  but,  after  the  lir 
hAS  ceased  to  enter,  it£  first  feeble  glow  is  restored.  The  cw- 
rent  of  air  here  passing  over  the  wire,  and  destroying  if» 
d<>w,  acts  like  the  current  esublished  by  the  wire  itself  bj 
ht^tin^  the  air  in  contact  with  it  The  cooling  of  the  wire, 
i:i  Knh  cases,  is  due  to  conyection,  not  to  true  oonduo- 
tion. 

^t^l'^o^  The  same  effect  is  obtained,  in  a  greatly  increased 
doiTrve,  it  hydiv»gvn  be  used  instead  of  air.     We  owe  this  in- 
terestinjT  olK^rvation  to  Mr.  Grove,  and  it  formed  the  starting^- 
point  of  >L  Magnus's  investigation.    The  receiver  is  now  ex- 
hausted, the  wire  being  almost  white-hot     Air  cannot  do  more 
than  rtxluvv  that  whiteness  to  bright  redness ;  but 
hvdn'^fircn  can  da     On  the  entrance  of  this 
totally  quench oii,  and  even  after  the  receiver  has 
with  the  sras,  and  the  inward  current  has  ceased,  i 
the  wire  is  not  restoroil.     The  electric  currenti  i 
thn.Migh  the  wire,  is  from  two  cells ;  I  try  three  OQ 
gU^ws  feebly ;  five  cause  it  to  glow  more 
with  five,  it  is  but  a  bright  red.     Were  no 
the  current  now  passing  through  the  wire 
fuse  it.     Let  us  see  whether  this  is  not  the  caseu 
ing  the  receiver,  the  first  few  strokes  of  the 
sea  rod  v  sensible  effoct :  but  the  effect  of 
gins  to  be  visible.     The  wire  whitens,  and  ap] 
To  those  at  a  distance  it  is  now  as  thick  as  a  4,-t« 
now  it  glows,  upon  the  point  of  fusion ;  I  conM  .?., 

the  pump — the  light  suddenly  vanishes ;  the 
(294)  Tliis  extraordinary  cooling  power  of 
^en  usually  ascribed  to  the  mobility  of  its  pait 
^bles  currents  to   establish  themselves  in  this 
neater  facility  than  in   any  other.     But  Professor' Magna! 
«*oeives  the  chilling  of  the  wire  to  be  an  effect  of  conduction. 
'  if  not  to  prevent,  the  formation  of  currents,  he 
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asses  his  platinum  wire  along  the  axis  of  a  narrow  glass 
abe,  filled  with  hydrogen.  Although,  in  this  case,  the  wire 
I  surrounded  by  a  mere  film  of  the  gas,  and  the  presence  of 
orrents,  in  the  ordinary  sense,  is  scarcely  to  be  assumed^  the 
Im  shows  itself  just  as  competent  to  quench  the  incandescence 
B  when  the  wire  is  caused  .to  pass  through  a  large  vessel  con- 
uning  the  gas.  Professor  Magnus  also  heated  the  closed 
op  of  a  vessel,  and  found  that  the  heat  was  conveyed  more 
[uickly  &om  it  to  a  thermometer,  placed  at  some  distance  be- 
ow  the  source  of  heat,  when  the  vessel  was  filled  with  hydro- 
^n,  than  when  it  was  filled  with  air.  He  found  this  to  be  the 
aise  even  when  the  vessel  was  loosely  filled  with  cotton-wool 
or  eider-down.  Here,  he  contends,  currents  could  not  be 
formed;  the  heat  must  be  conveyed  to  the  thermometer  by  the 
process  of  conduction,  and  not  by  convection. 
f%9S)  Beautiful  and  ingenious  as  these  experiments  are, 
not  think  they  establish  the  conductivity  of  hydrogen. 
us  suppose  the  wire,  in  Professor  Magnus's  first  experi- 
jt,  to  be  stretched  along  the  axis  of  a  wide  cylinder  con- 
jig  hydrogen,  we  should  have  convection,  in  the  ordinary 
j«,  on  heating  the  wire.  Where  does  the  heat  thus  dis- 
led  ultimately  go  ?  It  is  manifestly  given  up  to  the  sides 
lie  cylinder,  and,  if  we  narrow  our  cylinder,  we  simply  hast- 
Ithe  transfer.  The  process  of  narrowing  may  continue,  till 
lanow  tube  is  the  result — the  convection  between  centre 
rides  will  continue,  and  produce  the  same  cooling  effect 
|3efore.  The  heat  of  the  gas  being  instantly  lowered,  by 
junmiication  to  the  heavy  tube,  it  is  prepared  to  reabstract 
heat  from  the  wire.  With  regard,  also,  to  the  vessel 
Ited  at  the  top,  it  would  require  a  surface  mathematically 
Izontal,  and  a  perfectly  uniform  application  of  heat  to  that 
ace — it  would,  moreover,  be  necessary  to  cut  the  heat 
[rply  off  from  the  sides  of  the  vessel — to  prevent  conveo- 
Even  in  the  interstices  of  the  eider-down  and  of  the 
ootton-wool,  the  convective  mobility  of  hydrogen  will  make 
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itself  felty  and,  taldiig  every  thing  into  acooant,  I  thii 
experimental  question  of  gaseous  oonduotion  is  still  ai 
one.* 

*  Inmj  opinion,  the  qoettion  of  liquid  oondoetion  also  demandB  ftir 
TMtigsUon.  This  opinion  is  foanded  on  nomerons  experiments  which 
DTself  made  in  oonneoklon  with  this  qnestipn. 
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')  \  IT"E  have  this  day  reached  the  boundary  of  one  of 
V  V  the  two  great  divisions  of  our  subject.  Hith- 
we  have  dealt  with  heat,  while  associated  with  solid, 
d,  or  gaseous  bodies.  We  have  found  it  competent  to 
uce  changes  of  volume  in  all  these  bodies.  We  have  also 
rved  it  reducing  solids  to  liquids,  and  liquids  to  vapors ; 
lave  seen  it  transmitted  through  solids,  by  the  process  of 
luction,  and  distributing  itself  through  liquids  and  gases 
be  process  of  convection.  We  have  now  to  follow  it  into 
iitions  of  existence  diflFerent  fix)m  any  which  we  have  here- 
"e  examined. 

297)  This  heated  copper  ball  hangs  in  the  air ;  you  see  it 
r,  the  glow  sinks,  the  ball  becomes  obscure ;  in  popular 
uage,  the  ball  cools.  Bearing  in  mind  what  has  been  said 
be  nature  of  heat,  we  must  regard  this  cooling  as  a  loss  of 
icular  motion.  But  motion  cannot  be  lost :  it  must  be  im- 
edto  something:  to  what,  then,  is  the  molecular  motion  of 
ball  transferred  ?    You  would,  perhaps,  answer,  to  the  air ; 
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and  this  is  partly  true :  over  the  bull  air  is  passiug,  and  liung 
in  a  heated  column,  quite  visible  against  the  screen,  if  we  aDov 
the  electric  beam  to  i>ass  through  the  wanned  air.  But  not 
tlie  whole,  not  even  the  chief  part,  of  the  molecular  motion  of 
the  ball  is  dissipated  in  this  waj.  If  the  ball  were  placed  M 
vacuo,  it  would  still  cooL  Rumford,  of  whom  we  have  heiid 
so  much,  contrived  to  hang  a  small  thermometer  by  a  itPifb 
Jibre  of  silky  in  the  middle  of  a  glass  globe,  exhausted  bjmetni 
of  mercury,  and  he  found  that  the  calorific  rays  passed  to  and 
fro  across  the  vacuum ;  thus  proving  the  transmission  of  the 
heat  to  be  independent  of  air.  Davy,  with  the  apparatus  now 
before  you,  showed  that  the  heat-rays  from  the  electric  ligkt 
pass  freely  through  an  air-pump  vacuum ;  and  we  can  Tejpeti 
his  experiment  substantially  for  ourselves.  It  is  only  neoei- 
sary  to  take  the  receiver  already  employed  (fig.  68),  and,  re- 
moving the  remains  of  the  platinum  wire,  then  destroyed, 
attach  to  each  end  of  the  two  rods,  ?n  n  and  a  6,  a  bit  of  retort 
carbon.  I  now  exhaust  the  receiver,  bring  the  coal-points  to- 
geth(3r,  and  send  a  ciurent  from  point  to  point.  The  momeDt 
the  points  are  drawn  a  little  apart,  the  electric  light  shines 
forth :  and  here  is  the  thermo-electric  pile  ready  to  receive  i 
portion  of  the  rays.  The  galvanometer-needle  at  once  flies 
aside,  and  tliis  has  been  accomplished  by  rays  which  hare 
crossed  the  vacuum. 

(298)  But  if  not  to  air,  to  what  is  the  motion  of  our  cool- 
ing ball  conimuniciited  ?  We  must  reach  by  easy  stages  the 
answer  to  this  question.  Men  had  taken  a  very  considerable 
step  in  science,  when  they  first  obtained  a  clear  conception  of 
the  way  in  which  sound  is  transmitted  through  air,  and  a  veiy 
important  experiment  was  made  by  Hauksbee  before  the  Royal 
Society  in  1705,  when  he  showed  that  sound  could  not  prop** 
gate  itself  through  a  vacuum.  Now,  I  wish,  in  the  first  in- 
stance, to  make  manifest  to  you  this  conveyance  of  the  vibrar 
tions  of  sound  by  the  air.  This  bell  is  turned  upside-down, 
and  supported  by  a  stand.  Wlicn  a  fiddle-bow  is  drawn  acroas 
he  edge  of  the  bell,  you  hear  its  tone ;  the  bell  Is  now  vibnt" 


VIBRATIONS  COMMUKICATfiD.  215 

ig,  mud  when  sand  is  thrown  upon  its  flattish  bottom  it  ar- 
■nges  itself  there,  so  as  to  fonn  a  definite  figure ;  or,  if  it  were 
Bkd  with  water,  we  should  have  the  surface  fretted  with  beau- 
fifol  crispations.     These  crispations  would  show  that  the  bell, 

■  emitting  this  note,  divides  itself  into  four  swinging  parts, 
-Mparated  from  each  other  by  lines  of  no  swinging.  Here  is  a 
Aeet  of  tracing-paper,  drawn  tightly  over  a  hoop,  so  as  to  form 
•tind  of  fragile  drum.  When  held  over  the  vibrating  bell, 
te  not  so  as  to  touch  the  latter,  you  hear  the  shivering  of  the 
Wmhrane.  It  is  a  little  too  slack ;  I  tighten  it  by  warming 
k  before  the  fire,  and  repeat  the  experiment.  You  no  longer 
W  a  shivering,  but  a  loud  musical  tone,  superadded  to  that 
tf  the  belL  When  the  membrane  is  raised  and  lowered,  or 
Bored  to  and  fro,  you  hear  the  rising  and  the  sinking  of  the 
tODe.  HcTe  is  a  smaller  drum,  which  I  pass  round  the  bell, 
klding  the  membrane  vertical ;  it  actually  bursts  into  a  roar, 
vlien  brought  within  half  an  inch  of  the  bell.  The  motion  of 
Ae  bell,  communicated  to  the  air,  has  been  transmitted  to 
4e  membrane,  and  the  latter  is  thus  converted  into  a  sonorous 
IXHiy. 

(299)  Tlie  two  plates  of  brass,  a  b  (fig.  69),  arc  united  to- 
i'tther  by  a  metal  rod.  The  plates  have  been  darkened  by 
woiiziug,  and  on  both  of  them  is  strewn  a  quantity  of  fine 
""hite  sand.  I  now  take  the  connecting  brass  rod  by  its  cen- 
^,  between  the  finger  and  thumb  of  my  left  hand,  and,  hold- 
ttg  it  upright,  draw,  with  my  right,  a  piece  of  flannel,  over 
*hich  a  little  powdered  resin  has  been  shaken,  along  the  rod. 
'^ou  hear  tlie  sound ;  but  observe  the  behavior  of  the  sand :  a 
^ngle  stroke  has  caused  it  to  jump  into  a  scries  of  concentric 
ngs,  which  must  be  quite  visible  to  you  all.  Operating  more 
ently ;  you  hear  the  clear,  weak  musical  sound,  and  see  the 
\m\  shivering,  and  creeping,  by  degrees,  to  the  lines  whicli 

■  formerly  occupied.  The  curves  now  there  are  as  sharply 
J^wn  upon  the  surface  of  the  lower  disk  as  if  they  had  been 
^ranged  with  a  canielVhair  pencil.  On  the  upper  disk,  you 
ee  a  series  of  concentric  circles  of  the  same  kind.     The  vihra- 
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tions  here  imparted  to  the  rod  have  communicated  theo 
to  both  the  disks,  and  divided  each  of  them  into  a  se 

vibrating  segments,  i 
ted  from  each  other  fa 
of  no  vibration,  on 
lines  the  sand  finds  p 
(300)  Now  let  UK 
you  the  transmissit 
these  vibrations,  froi 
lower  disk  through  t 
On  the  floor  is  a 
drum,  D,  with  dark-o 
sand  strewn  uniform]^ 

m 

it ;  I  might  stand  o 
table— or,  indeed,  as 
as  the  ceiling,  and  pi 
the  effect  which  jo 
now  to  witness.  Poi 
the  rod  which  umU 
plates,  in  the  directi< 
the  paper  drum,  I  dra 
resined  rubber  vigoi 
over  the  rod :  a  single  i 
has  caused  the  sand  to: 
into  a  reticulated  p8 
A  precisely  similar  efl 
produced,  by  sound,  c 
drum  of  the  ear ;  the 
panic  membrane  is  c 
to  shiver,  in  the  same 
ner  as  that  drum-het 
paper,  and  its  motion 
veyetl  to  thcaudit/)TTn 
and  transmitted  then 
the  brain,  awakes  in  us  the  sensation  of  sound. 

(301)  Here  is  a  still  more  striking  example  of  the  cc 
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the  matkm  of  aound  tfarough  air.  By  permitting  a 
p»  to  issue  through  a  small  cnifioe,  a  slender  flame  is 
1,  and,  by  taming  the  oock,  the  flame  is  reduced  to  a 
if  about  half  an  inch.  The  flame  is  then  ii 
88  tube,  A  B  (6g.  70),  ^^ 

B  twelve  indies  long, 
e  your  permission  to 

that  flame.  If  I  be 
enough  to  pitch  my 
>  a  certain  note,  the 
rill  respond  by  sudr 
barting  into  a  melodi- 
gf,  and  it  will  continue 
,  as  long  as  the  gas 
estobum.  Thebum- 
w  arranged  within  the 
rhich  covers  it  to  a 
f  a  couple  of  inches, 
tube  were  lower,  the 
ould  sing  of  its  own 
as  in  the  well-known 
■  the  hydrogen  bar- 
;  but,  with  the  pres- 
angement,  it  cannot 
itil  ordered  to  do  bo. 
a  sound,  which  you 
rdon,  if  it  be  not  mu- 
rhe  flame  does  not 
I ;  it  has  not  been  spoken  to  in  the  proper  languages 
note  of  somewhat  higher  pitch  causes  the  flame  to 

and  every  individual  in  this  large  audience  now 
ts  song.  I  stop  the  sound,  and  stand  at  a  greater 
e  from  the  flame:  now  that  the  proper  pitch  has 
scertained,  the  experiment  is  sure  to  succeed,  and, 

distance  of  twenty  or  thirty  feet,  the  flame  is  caused 
.     I  turn  my  back  upon  it,  and  strike  the  note  as  be- 

10 


218  H£AT  AS  A  MODE  OF  MOTIOK. 

fore :  when  called  to,  it  answerB,  and,  with  a  litUe  practice^ 
one  is  able  to  command  a  flame  to  sing  and  to  stop,  while  it 
strictly  obejs  the  injunction.  Here,  then,  wahave  a  striking 
example  of  the  conveyance  of  the  vibrations  of  the  organ  of 
voice  through  air,  and  of  their  communication  to  a  body  emi- 
nently sensitive  to  their  action.* 

(302)  Why  are  these  experiments  on  sound  performed  f 
Simply  for  the  purpose  of  giving  you  dear  conoeptiona  re> 
garding  what  takes  plaoe  in  the  case  of  heat ;  to  lead  you  firom 
the  tangible  to  the  intangible ;  from  the  region  of  sense  into 
that  of  theory. 

(303)  After  philosophers  had  become  aware  of  the  manner 
in  which  sound  was  produced  and  transmitted,  analogy  led 
some  of  them  to  suppose  that  light  might  be  produced  and 
transmitted  in  a  somewhat  similar  manner.  And  perhaps^  in 
the  whole  history  of  science,  there  was  never  a  question  more 
hotly  contested  than  this  one.  Sir  Isaac  Newton  supposed 
light  to  consist  of  minute  particles,  darted  out  from  limiinous 
bodies :  this  was  the  celebrated  Elmission  Theory.  Huyghens, 
the  contemporary  of  Newton,  found  great  difficulty  in  conceiv- 
ing this  cannonade  of  particles ;  or  in  realizing  that  they  could 
shoot  with  inconceivable  velocity  through  space,  and  yet  not 
disturb  each  other.  This  celebrated  man  entertained  the 
view  that  light  was  produced  by  vibrations,  similar  to  those 
of  sound.  Euler  supported  Huyghens,  and  one  of  his  argu- 
ments, though  not  truly  physical,  is  so  quaint  and  curious, 
that  I  will  repeat  it  here.  He  considers  our  various  senses, 
and  the  manner  in  which  they  are  affected  by  external  objects, 
"  With  regard  to  smell,"  he  says,  "  we  know  that  it  is  pro- 
duced by  material  particles,  which  issue  from  a  volatile  body. 
In  the  case  of  hearing,  nothing  is  detached  fix>m  the  sounding 

*  Tliongb  not  belonging  to  our  present  subject,  so  many  peraons  have 
evinced  an  interest  in  this  experiment,  that  I  have  been  induced  to  reprint 
two  short  papers  in  the  Appendix  to  this  Chapter,  in  which  the  experiment  is 
more  fully  described.  Flames  and  jets  of  smoke  are  acoustic  tests  of  astonish- 
ing sensibility.  Wator-jets  may  also  be  rendered  exceedingly  sensitive.  For 
a  full  account  of  their  action,  see  TyndaU  on  Sound,  Lecture  IV.    Longmans. 
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body,  mud  in  the  case  of  feeling  we  must  touch  the  body  itself. 
Hie  diatenoe  at  which  our  senses  perceive  bodies  is,  in  the 
case  of  toubfa^  no  distance;  in  the  case  of  smell,  a  small  dis- 
lanee;  in  the  case  of  hearing,  a  considerable  distance;  but,  in 
tiie  ease  of  sight,  greatest  of  alL  It  is,  therefore,  more  prob> 
able  that  the  same  mode  of  propagation  subsists  for  sound  and 
Kgfat,  than  that  odors  and  light  should  be  propagated  in  the 
laaie  manner— *that  luminous  bodies  should  behave,  not  as 
volatile  aubatanoes,  but  as  sounding  ones.'* 

(304)  The  authority  of  Newton  bore  these  men  down,  and 
not  vmiSL  a  man  of  genius  within  these  walls  took  up  the  sub- 
jeot|  had  the  Theory  of  Undulation  any  chance  of  coping  with 
the  rind  'Hieory  of  Emission.  To  Dr.  Thomas  Young,  for- 
merly Professor  of  Natural  Philosophy  in  this  Institution,  be- 
longs the  immortal  honor  of  stemming  this  tide  of  authority, 
and  of  establishing,  on  a  safe  basis,  the  Theory  of  Undulation. 
Cheat  things  have  been  done  in  this  edifice ;  but  scarcely  a 
grreater  thing  than  this.  And  Young  was  led  to  his  conclu- 
sion regarding  light,  by  a  series  of  investigations  on  sound. 
He,  like  ourselves  at  the  present  moment,  rose  from  the 
known  to  the  unknown,  from  the  tangible  to  the  intangible. 
This  subject  has  been  illustrated  and  enriched  by  the  labors 
of  genius  ever  since  the  time  of  Young ;  but  one  name  only 
will  I  here  associate  with  his — a  name  which,  in  connection 
with  this  question,  can  never  be  forgotten :  that  is,  the  name 
of  Augustin  Fresnel. 

(305)  According  to  the  theory  now  universally  received, 
light  consists  of  a  vibratory  motion  of  the  particles  of  the  lu- 
minous body ;  but  how  is  this  motion  transmitted  to  our 
organs  of  sight?  Sound  has  the  air  as  its  medium,  and  a 
close  examination  of  the  phenomena  of  light,  by  the  most 
refined  and  demonstrative  experiments,  has  led  philosophers 
to  the  conclusion,  that  space  is  occupied  by  a  substance 
almost  infinitely  elastic,  through  which  the  pulses  of  light 
make  their  way.  Here  your  conceptions  must  be  perfectly 
clear.     The  intellect  knows  no  difference  between  great  and 
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small :  it  is  just  as  easy,  as  an  intellectual  act,  to  picture  • 
vibrating  atom  as  to  picture  a  vibrating  cannon-ball ;  and 
there  is  no  more  difficulty  in  conceiving  this  eiher^  as  it  ii 
called,  \^hich  fills  space,  than  imagining  all  space  filled  with 
jelly.  You  must,  then,  imagine  the  atoms  of  luminous  bodiet 
vibrating,  and  their  vibrations  you  must  figure  as  communi- 
cated to  the  ether  in  which  they  swing,  being  propagtted 
through  it  in  waves ;  these  waves  enter  the  pupil,  cross  die 
ball,  and  impinge  upon  the  retina,  at  the  back  of  the  eje. 
The  act,  remember,  is  as  real,  and  as  truly  mechanical,  as  the 
stroke  of  sea-waves  upon  the  shore.  The  motion  of  the  ether 
is  communicated  to  the  retina,  transmitted  thence  along  the 
optic  nerve  of  the  brain,  and  there  announces  itself  to  cod* 
sciousness,  as  Hght. 

(306)  On  the  screen  in  front  of  you  I  project  an  image  of 
the  incandescent  coal-points,  which  produce  the  electric  light 
The  points  are  first  brought  together,  and  then  separated. 
Observe  the  effect.  You  have  first  the  place  of  contact  ren- 
dered luminous,  then  you  see  the  glow  conducted  downward, 
to  a  certain  distance  along  the  stem  of  coal.  This,  as  yoa 
know,  is,  in  reality,  the  conduction  of  motion.  When  the  cu^ 
cult  is  interrupted,  the  points  continue  to  glow  for  a  shoit 
time.  Their  light  is  now  subsiding,  and  now  they  are  quite 
dark ;  but  have  they  ceased  to  radiate  ?  By  no  means.  At 
the  present  moment,  there  is  a  copious  emission  from  these 
points,  which,  though  incompetent  to  affect  sensibly  the 
nerves  of  vision,  is  quite  competent  to  affect  other  nerves  of 
the  human  system.  To  the  eye  of  the  philosopher,  who  lotto 
at  such  matters  without  reference  to  sensation,  these  obscore 
radiations  are  precisely  the  same  in  kind  as  those  which  pro- 
duce the  impression  of  light.  You  must,  therefore,  figure  the 
particles  of  the  heated  body  as  in  a  state  of  motion ;  you  must 
fi|^re  that  motion  as  communicated  to  the  smrounding  ether, 
and  transmitted  through  it  with  a  velocity  which  we  have  the 
strongest  reason  for  believing  to  be  the  same  as  that  of  light. 
Tims,  when  you  turn  toward  a  fire  on  a  cold  day,  and  expose 
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your  dulled  lunds  to  its  influence,  ^K  warmth  which  you  feel 
is  doe  to  the  impact  of  these  stiiereal  billows  ufxm  your  skin ; 
thejr  throw  the  nerres  into  motion,  and  the  oonsdousneBS,  cor- 
te^tondiog  to  this  motioo,  is  what  we  popularly  call  wanntli. 
Oar  tsak,  during  the  lectures  which  remain  to  us,  is  to  ex- 
amine beat  thus  propagated  through  the  ether.  In  this  form 
it  is  called  Radiant  Seat. 

(307)  Tw  the  iuTestigataon  of  this  subject,  we  possess  our 
inTsluable  thermo-electric  pile,  the  &oe  of  whicb  is  now  coated 
with  lamp-bladE,  a  powerful  absorbs  gf  radiant  heat  I  hold 
the  iostnnnent  beftwe  my  cheek ;  it  is  a  radiating  body,  and 
the  pile  drinks  in  the  rays.  They  generate  electricity,  and  the 
needle  of  the  galraDometer  moves  up  to  90°.  Withdrawing 
the  pQe  from  the  source  of  heat,  and  allowing  the  needle  to 
oome  to  rest,  I  now  place  this  slab  of  ice  in  front  of  the  pile. 
You  have  a  deflection  in  the  opposite  direction,  as  if  rays  of 
cold  were  striking  on  the  instrument.  But  in  this  case  the 
pflc  is  tbe  hot  body ;  it  radiates  its  heat  against  the  ice ;  the 
face  of  the  pile  is  thus  chilled,  and  the  needle  moves  up  to  90° 
OD  tbe  side  of  cold.  Our  pile  is,  therefore,  not  only  available 
for  the  examination  of  beat  communicated  to  it  by  direct  con- 
tact, but  also  for  the  examination  of  radiant  heat.  Let  us 
apply  it  at  once  to  a  most  important  investigation,  and  ex- 
amine, by  means  of  it,  the  distribution  of  thermal  power  in 
the  electric  spectrum. 

(308)  Let  me,  in  the  first  place,  show  you  this  spectrum. 
It  is  formed  by  sending  a  slice  of  pure  white  light  from  the 
orifice  O  (fig.  71),  through  a  double  convex  lens,  and  through 
a  prism,  ab  c,  built  up  of  plain  glass  sides,  and  filled  with  the 
liquid  bisulphide  of  carbon.  This  liquid  gives  a  richer  display 
of  color  than  glass  does,  and  this  is  one  reason  for  its  employ- 
ment  in  preference  to  glass.  The  white  beam  is  now  reduced 
to  its  component  colors — red,  orange,  yellow,  green,  and  blue ; 
the  long  blue  apace  being  usually  subdivided  into  blue,  indijiifo, 
and  violet,  I  will  now  cause  a  thermo-electric  pile  of  particu- 
lar construction  to  pass  gradually  through  all  these  colors  in 
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00  as  to  test  their  lieating  powers,  and  yoa  fUH 
the  ooDsequent  actkm  of  the  galvanometer. 


(309)  The  experiment  is  made  with  this  beautiful  piece  cf 
apparatus  (tig.  7'2),  designed  by  Melloni,  and  executed,  with 
_   _  his  accustomed  skill,  by  M.  Buhin* 

kortL*  You  observe  here  a  pol-  ! 
ished  brass  plate,  a  b,  attached  to 
astern ;  this  stem  is  mounted ooan 
horizontal  bar,  which,  by  means  <t 
a  screw,  may  have  motion  impaitr 
cd  to  it  By  turning  this  ifoij 
handle  in  one  direction,  the  jdate 
of  brass  is  caused  to  approadi;  hf 
turning  it  in  the  other,  it  is  caused 
to  recede,  the  motion  being  so  fioo 
and  gradual,  that  we  can,  with 
ease  and  certainty,  push  the  soeen 
through  a  space  less  than  y^n^ 
of  an  inch.  You  observe  a  nane^ 
vertical  slit  in  the  middle  of  ^ 
plate  A  B,  and  something  dai^  be* 
hind  it.  That  dark  line  is  the  bladcened  face  of  a  thenno- 
eltHMrio  pile,  p,  the  elements  of  which  are  ranged  in  a  single 
ri.)w,  and  not  in  a  square,  as  in  our  other  instrument.    We  wiD 
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IT  diBtiiiot  lUoes  of  the  speotram  to  £dl  on  that  slit;  eaoh 
impart  iriiatever  heat  it  poMesses  to  the  pile,  aod  the 
itit J  of  heat  will  be  maiked  by  the  needle  oi  our  galvar 
eter. 

310)  At  presenti  a  small  but  brilliant  spectrom  hUs  upoa 
slate  A  B,  but  the  pile  is  quite  out  of  the  spectrum.  On 
ing  the  handle,  the  slit  gradually  approaches  the  violet; 
igfat  now  €dls  upon  it,  but  the  needle  does  not  more  sen- 

In  the  indigo,  the  needle  is  still  quiescent;  the  blue 
shows  no  action.  Nor  does  the  green:  the  yellow  &Ils 
.  the  sHt ;  the  motion  of  the  needle  is  now  pe^ps  for  the 
time  Tisible  to  you ;  but  the  deflectioa  is  small,  though 
sleis  exposed  totltenwBiluminau8pario/the9pecirum,* 
■  on  to  the  orange,  which  is  less  luminous  than  the  yel- 
but  you  observe,  though  the  light  diminishes,  the  heat 
ases;  the  needle  moves  still  further;  while  in  the  red, 
h  is  still  less  luminous  than  the  orange,  we  have  the 
test  thermal  power  of  the  visible  spectrum. 

311)  The  appearance,  however,  of  this  burning  red  might 
you  to  suppose  it  natural  for  such  a  color  to  be  better 
any  of  the  others.  But  now  pay  attention.  I  cause  the 
to  pass  entirely  out  of  the  spectrum,  quite  beyond  the 
sme  red.  The  needle  goes  promptly  up  to  the  stops.  So 
we  have  here  a  heat-spectrum  which  we  cannot  see,  and 
le  thermal  power  is  far  greater  than  that  of  any  part  of 
risible  spectrum.  In  fiict,  the  electric  light,  with  which 
leal,  emits  an  infinity  of  rays  converged  by  our  lens,  re- 
ed by  our  prism,  forming  the  prolongation  of  our  spec- 
if but  utterly  incompetent  to  excite  the  optic  nerve.  It  is 
lame  with  the  sun.  Our  orb  is  rich  in  these  obscure  rays ; 
though  they  are,  for  the  most  part,  cut  off  by  our  atmos- 
e,  multitudes  of  them  still  reach  us.  To  the  celebrated 
iVilliam  Herschel  we  are  indebted  for  this  discovery. 

312)  This  is  sufficient  for  our  present  purpose.  I  pro- 
^  in  a  future  lecture,  to  sift  the  composite  emission  of  our 

*  I  sm  here  dealing  with  a  large  leotaro-room  galvanometer. 
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deotno  lamp^  detaching  the  Tiaible  from  the  iimrihle  »j% 
and  illustrating  the  diBcaTeries  which  have  been  leoently  nride 
in  connection  with  the  subject  of  obscure  radiatioiL 

(313)  The  yisiUe  spectrum,  then,  simply  maika  an  inler- 
Tal  of  radiant  action,  in  whidi  the  rays  are  so  related  to  onr 
oiganiation  as  to  excite  the  impression  oi  light.  Bejond 
this  interval,  m  boih  JUmeHonM^  radiant  power  is  ezeited— ob- 
scure rajs  fidl — those  &lling  bejond  the  red  being  powerfid 
to  produce  heat,  while  those  £dling  bejond  the  violet  are  pow- 
erful to  promote  chemical  action,  lliese  latter  rajs  can  actn- 
all  J  be  rendered  visible ;  more  strictlj  speaking,  the  andidap 
tions  or  waves  which  are  now  striking  here  bejond  the  violet 
against  the  screen,  though  thej  are  incompetent  to  eiusite 
vision,  maj  be  caused  to  impinge  upon  another  bodj,  to  im- 
part their  motion  to  it,  and  actuallj  to  conyert  the  daik  qpaoe 
bejond  the  violet  into  a  brillianilj  illuminated  one.  The  means 
of  making  this  experiment  are  at  hand.  The  lower  half  of 
this  sheet  of  white  paper  has  been  washed  with  a  solution  of 
sulphate  of  quinine,  the  upper  half  being  left  in  its  natural 
state.  Holding  the  sheet  so  that  the  straight  line  dividing  its 
prepared  from  its  unprepared  half  shall  be  horizontal,  it  will 
cut  the  spectrum  into  two  equal  parts ;  the  upper  half  vrill  re- 
main unaltered,  and  jou  will  be  able  to  compare  with  it  the 
under  half^  on  which  jou  will  find  the  spectrum  elongated. 
You  see  the  effect.  We  have  here  a  splendid  fluorescent  band, 
several  inches  in  width,  where  a  moment  ago  there  was  noth- 
ing but  daikness.  When  the  prepared  paper  is  removed,  the 
light  disappears ;  but,  on  reintroducing  it,  the  light  flashes 
out  again,  showing  jou,  in  the  most  emphatic  manner,  that 
the  visible  limits  of  the  ordinary  spectrum  bj  no  means  maik 
the  limits  of  radiant  action.  I  dip  mj  brush  in  this  solution 
of  sulphate  of  quinine,  and  dab  it  against  the  paper ;  wherever 
the  solution  feills,  light  flashes  forth.  The  existence  of  these 
extra  violet  rajs  has  been  long  known;  it  was  known  to 
Thomas  Young,  who  actuallj  experimented  on  them ;  but  to 
the  excellent  researches  of  Professor  Stokes  we  are  indebted 
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far  onr  pranent  oomjJete  knowledge  of  this  subject.    He  reo- 
dered  tbe  rajs  thus  naible. 

(311)  Hot,  then,  are  ve  to  picture  to  ouraelrea  the  rays, 
visible  and  inriaible,  whioh  fill  this  large  spaoe  upon  the 
ioreea?  Why  are  some  of  them  visiUe  sod  others  not? 
Whj  are  the  risible  ones  distinguished  by  various  oolofs?  Is 
tbwe  may  thing  ihat  ve  oan  lay  hold  o^  in  the  undulations  of 
the  etba*,  to  which,  as  a  phyiical  cause,  we  must  assign  the 
etdcc  f  Ofaaerre,  first,  that  the  entire  beam  of  white  light  is 
drawn  aside  or  re&acted  by  the  priBm,  but  tbe  violet  is  pulled 
sside  more  than  the  iodigo,  the  indigo  more  than  tbe  blue,  the  : 
Uue  Bton  than  the  green,  the  green  more  than  the  yellow,  the 
yellow  more  than  the  orange,  and  the  orange  more  than  the 
red.  The  colors  are  differently  refrangible,  and  upon  this  de- 
pends the  possibility  of  their  separation.  To  every  particular 
degree  of  refractiou  belongs  a  definite  color,  and  no  other. 
But  why  should  light  of  one  degree  of  refrangibility  produce 
tbe  sensation  of  red,  and  light  of  another  degree  the  sensation 
of  green  P  This  leads  us  to  consider  more  closely  the  cause 
of  these  sensations. 

(315)  A  reference  to  the  phenomena  of  sound  will  mate- 
rially help  US  here.  Figure  dearly  to  your  minds  a  harp-string 
vibrating  to  and  fro ;  it  advances  and  causes  the  particles  of 
air  in  front  of  it  to  crowd  together,  thus  producing  a  condertr 
tation  of  the  air.  It  retreats,  and  the  air-particles  behind  it 
separate  more  widely,  thus  producing  a  rar^action  of  the  air. 
The  string  again  advances,  and  produces  a  condcuBation  as 
before  ;  it  again  retreats,  and  produces  a  rarefiiction.  In  this 
way,  the  air,  through  which  the  sound  of  the  string  is  propia- 
gated,  is  moulded  into  a  regular  sequence  of  condensations 
and  rarefactions,  which  travel  with  a  velocity  of  about  1,100 
feet  8  second. 

(316)  The  condensation  and  rarefaction  constitute  what  is 
called  a  sonorous  pube  or  wave.  The  length  of  the  wave  is 
measured  from  the  centre  of  one  condensation  to  the  centre 
of  the  next  one.    Now,  the  quioker  a  string  ribrates,  the  mine 
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qdcldj  will  these  pnlfes  fidlow  eaoh  others  aad  tbe  flhorfer^sl 
the  same  time,  will  be  the  length  of  eteh  indrridiml  w«f«L 
Upon  these  diffeienoes  the  jnieh  of  a  note  In  nrasic  depends. 
If  a  vic^-^^yer  wishes  to  prodnoe  a  higher  noteyhe  shortens 
the  string  by  pressing  his  finger  on  H;  thereby  M^^metttiBg 
the  rapidity  of  TifarstioD,  If  his  point  of  ptcjasme  ezaelly 
halves  the  length  ci  his  string,  he  obtains  the  oeCow  of  As 
note  which  the  siring  emits,  when  Tibrating  as  a  wfaoku 
^Boys  are  chosen  as  choristers  to  prodnoe  the  shrill  noleS| 
men  to  {xodooe  the  bass  notes ;  the  reason  being  that  Urn 
boy^s  organ  vibrates  more  rapidly  than  the  man^s; "  ao^  the 
hum  of  a  gnat  is  shriller  than  that  of  a  beetle^  becaose  Urn 
smaller  insect  can  send  a  greater  number  of  impobes  per  see- 
ond  to  the  ear. 

(317)  We  have  now  cleared  our  way  toward  the  foil  com- 
prehension of  the  physical  cause  of  o(dor.  This  spectram  is 
to  the  eye  what  Uie  musical  scale  is  to  the  ear ;  its  difiennt 
colors  represent  notes  of  difierent  pitch.  Hie  vibrationa 
which  produce  the  impression  of  red  are  slower,  and  the  ethe- 
real waves  which  they  generate  are  Icmger,  than  those  which 
produce  the  impression  of  violet,  while  the  other  colors  are 
excited  by  waves  of  some  intermediate  lengrih.  The  length 
of  the  waves  both  of  sound  and  light,  and  the  number  of 
shocks  which  they  respectively  impart  to  the  ear  and  eye, 
have  been  strictly  determined.  Let  us  here  go  through  a 
simple  calculation.  Light  travels  through  space  at  a  velocity 
of  192,000  miles  a  second.  Reducing  this  to  inches,  we  find  the 
number  to  be  12,165,120,000.  Now,  it  is  found  that  39,000 
waves  of  red  light,  placed  end  to  end,  would  make  up  an  inch ; 
multiplying  the  number  cf  inches  in  192,000  miles  by  39,000, 
we  obtain  the  number  of  waves  of  red  light  embraced  in  a  dis- 
tance of  192,000  miles :  this  number  is  474,439,680,000,000. 
AU  these  waves  enter  the  eye  in  a  single  second.  To  produce 
the  impression  of  violet,  a  still  greater  number  of  impulses  is 
necessary.  It  would  take  57,500  waves  of  violet  to  fill  an 
inch,  and  the  number  of  shocks  to  produce  the  impression  of 
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Iliis  eolor  amoants  to  mx  hundred  and  ninety-nine  millions  ci 
miHionB  per  eeoond.  The  other  ooknm  of  the  speotnim,  as  al- 
ready stated,  rise  giaduall j  in  pitch  from  red  to  violet. 

^8)  But  beyond  the  violet  we  have  rays  ci  too  high  a 
piloh  to  be  virfble,  and  beyond  the  red  we  have  rays  of  too 
low  a  pitch  to  be  visiMe.  The  phenomena  of  light  are  in  this 
ease  also  paralleled  by  those  of  sound.  If  it  did  not  involve 
a  eontiadiotion,  we  might  say  that  there  are  musical  sounds 
of  too  high  a  pitch  to  be  heard,  and  also  sounds  of  too  low  a 
pitdi  to  be  heard.  Speaking  strictly,  there  are  waves  teans- 
ndtted  through  the  air  from  vibratmg  bodies,  which,  though 
they  strike  upon  the  ear  in  regular  recurrence,  are  incompe- 
tent to  ezdte  the  sensation  c^  a  musical  note.  Probably, 
sounds  are  heard  by  insects,  which  entirely  escape  our  per- 
ceptions ;  and,  inde^,  as  regards  human  beings,  the  self-same 
note  may  be  of  piercing  shriUness  to  one  person,  while  it  is 
absolutely  unheard  by  another.  Both  as  regards  light  and 
sound,  our  organs  of  sight  and  hearing  embrace  a  certain 
practical  range,  beyond  which,  on  both  sides,  though  the  ob- 
jective cause  exists,  our  nerves  cease  to  be  influenced  by  it. 

(319)  When,  therefore,  I  place  this  red-hot  copper  ball 
before  you,  and  watch  the  waning  of  its  light,  you  will  have 
a  perfectly  clear  conception  of  what  is  occurring  here.  The 
atoms  of  the  ball  oscillate,  but  they  oscillate  in  a  resisting 
medium,  on  which  their  motion  is  expended,  and  which  trans- 
mits it  on  all  sides  with  inconceivable  velocity.  The  oscilla- 
tions competent  to  produce  light  are  now  exhausted ;  the  ball 
is  quite  dark,  still  its  atoms  oscillate,  and  still  their  oscilla- 
tions are  taken  up  and  transmitted  on  all  sides  by  the  ether. 
The  ball  cools  as  it  thus  loses  its  molecular  motion,  but  no 
C(X>ling  to  which  it  can  be  practically  subjected  can  entirely 
deprive  it  of  its  motion.  That  is  to  say,  all  bodies,  whatever 
may  be  their  temperature,  are  radiating  heat.  From  the  body 
of  every  individual  here  present,  waves  are  speeding  away, 
some  of  which  strike  upon  this  cooling  ball,  and  restore  a 
portion  of  its  lost  motion.     But  the  motion  thus  received  by 
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the  ball  is  £itf  less  than  that  which  it  communicates,  and  the 
difference  between  them  expresses  the  balPs  loss  of  motkn. 
As  long  as  this  state  of  things  continues,  the  ball  will  ooa* 
tinue  to  show  an  ever-lowering  temperature :  its  tempentore 
will  sink  until  the  quantity  it  emits  is  equal  to  the  qmotitf 
which  it  receives,  and  at  this  point  its  temperature  becomes 
constant.  Thus,  though  you  are  conscious  of  no  reoeptioii  of 
heat,  when  you  stand  before  a  body  of  your  own  temperature^ 
an  interchange  of  rays  is  passing  between  you.  Every  mge^ 
ficial  atom  of  each  mass  is  sending  forth  its  waves,  which 
cross  those  that  move  in  the  opposite  direction,  every  wave 
asserting  its  own  individuality,  amid  the  entanglement  ol  hi 
fellows.  When  the  sum  of  motion  received  is  greater  than 
that  given  out,  warming  is  the  consequence ;  when  the  sum  of 
motion  given  out  is  greater  than  that  received,  chilling  takes 
place.  This  is  Prevost's  Theory  of  Exchanges,  expressed  in 
the  language  of  the  Wave  Theory. 

(320)  Let  us  occupy  ourselves  now,  for  a  short  time,  in 
illustrating  experimentally  the   analogy  between  light  and 
radiant  heat,  aa  regards  reflection.     You  observed  when  the 
thermo-electric  pile  was  placed  in  front  of  my  cheek  there  was 
attached  to  it  an  open  cone  which  was  not  employed  in  our 
former  experiments.     This  cone  is  silvered  inside,  and  it  is  in- 
tended to  augment  the  action  of  feeble  radiations,  by  convert 
ing  them  upon  the  face  of  the  thermo-electric  pile.    It  does  this 
by  reflection.    Instead  of  shooting  wide  of  the  pile,  as  many  of 
them  would  do  if  the  reflector  were  removed,  the  rays  meet 
the  silvered  surface,  and  glance  from  it  against  the  pile.    The 
augmentation  of  the  effect  is  thus  shown.     I  place  the  pile  at 
this  end  of  the  table  without  its  reflector,  and  at  a  distance 
of  four  or  five  feet  this  copper  ball,  hot — ^but  not  red-hot ;  you 
observe  scarcely  any  motion  of  the  needle  of  the  galvanome 
ter.     Disturbing  nothing,  I  now  attach  the  reflector  to  the 
pile ;  the  needle  instantly  goes  up  to  90°,  declaring  the  aug- 
mented action. 

(321)  The  law  of  this  reflection  is  precisely  the  same  as 
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pendioolar,  sod  you  Bee  that  it  IB  reflected  faeok  alc»ir  the  Km 
of  inoidenoe.  I  nowmove  the  index  to  1 ;  theiefleoted  beBin, 
Bs  j<m  obflerve,  draws  itself  along  the  taUoi  outting  the  figovB 
fL  I  move  the  index  to  2,  the  beam  is  now  at  4;  I  mofo the 
index  to  3,  the  beam  is  now  at  6;  I  move  it  to  fi,  the  beam  ia 
now  at  10;  I  more  it  to  10,  the  beam  is  now  at  20.  Stand- 
ing  midway  between  the  incident  and  reflected  bearam  and 
stretching  out  my  arms,  my  finger-tips  touch  eaidi.of  t^Moi. 
One  lies  as  much  to  the  left  of  the  perpendicdar  aa  the  other 
does  to  the  right.  The  angle  of  incidence  is  equal  to  the 
angle  of  reflection.  But  we  have  also  demonstrated  that  the 
beam  moves  twice  as  £BU9t  as  the  index ;  and  this  is  usually  e& 
pressed  in  the  statement^  that  the  angular  velocity  of  a  reflect- 
ed beam  is  twice  that  of  the  mirror  which  reflects  it. 

(323)  You  have  already  seen  that  these  incandescent  ooal- 
points  emit  an  abundance  of  obscure  rays — rays  of  pure  heat| 
which  have  no  illuminating  power.  We  have  now  to  learn 
that  those  rays  of  heat  emitted  by  the  lamp  have  obeyed  pre^ 
cisely  the  same  laws  as  the  rays  of  light.  Here  is  a  piece  of 
black  glass,  so  black  that  when  you  look  through  it  at  the 
electric  light,  or  even  at  the  noonday  sun,  you  see  nothing. 
You  observe  the  disappearance  of  the  beam,  when  the  glass  is 
placed  in  front  of  the  lamp.  It  cuts  off  every  ray  of  light; 
but,  strange  as  it  may  appear  to  you,  it  is,  to  some  extent, 
transparent  to  the  obscure  rays  of  th^lamp.  I  extinguish  the 
light  by  interrupting  the  current,  and  lay  my  thermo-electric 
pile  on  the  table  at  the  number  20,  where  the  luminous  beam 
fell  a  moment  ago.  The  pile  is  connected  with  the  galvanom- 
eter, and  the  needle  of  the  instrument  is  now  at  xera  On 
igniting  the  lamp,  no  light  makes  its  appearance,  but  the 
needle  of  the  galvanometer  has  already  swung  to  90^,  through 
the  action  of  the  non-luminous  rays  upon  the  pile.  When  the 
pile  is  moved  right  or  left  from  its  present  position,  the  needle 
immediately  sinks ;  the  calorific  rays  have  pursued  the  precise 
track  of  the  luminous  rays ;  and  for  them,  also,  the  angle  of 
incidence  is  equal  to  the  angle  of  reflection.    Repeating  the 
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CDEperinwDts  abeadj  exeouted  vith  light — bringing  the  index 
m  roeaaBJoii  to  1,  3,  3,  B,  etc,  it  nuy  be  proved  that,  in  the 
eM6  of  ndixnt  beat  also,  tlie  aognltr  velocitj  of  the  reflected 
beam  is  twice  that  of  the  mirror. 

(8M)  Tha  heat  of  a  fire  obers  the  same  law.  lliis  sheet 
ef  tin  is  a  bomelj  refleotor,  but  it  will  anawer  tnj  purpose. 
At  thia  eod  of  the  table  is  placed  the  tbcnuo-Aleotrio  pile,  and 
at  the  other  end  the  tin  rafleotor.  The  needle  of  the  galva* 
Bometer  is  now  at  sero.  I  torn  the  refleottv,  bo  as  to  «aiue  the 
heat  stiikiDg  it  to  rebound  toward  the  fnle  ;  it  now  meets  the 
luMnuueat,  and  the  needle  at  once  deolares  its  arriral.  Ob- 
•erre  the  positions  of  the  fire,  of  the  refleotor,  and  of  the  pile; 
joa  see  that  €iiej  are  such  as  make  the  angle  of  incidence 
equal  to  tliat  of  refleoljon. 

(3S5)  But  in  Aese  experiments  the  heat  is,  or  has  been, 
associated  with  U^t.  Let  me  now  show  that  the  law  holds 
good  for  rays  emanating  from  a  truly  obscure  body.     Here 


is  a  copper  ball,  heated  to  dull  redness.  Plunging  it  into  wa- 
ter for  a  moment,  its  light  totally  dissppeais,  but  it  is  still 
varm.     It  still  gives  out  radiant  heat.     I  set  it  on  a  candle- 
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stick  c  (6g.  74),  as  a  Bupport^  and  now  I  place  my  pile,  p, 
turning  its  conical  reflector  away  firom  c,  so  that  no  direei 
ray  from  the  ball  in  position  can  reach  the  pile.  The  needle 
remains  at  zero.  I  now  introduce  the  tin  reflector,  M  K,  so 
that  a  line  drawn  to  it  firom  the  ball  shall  make  the  same  angle 
with  a  perpendicular  to  the  reflector,  as  a  line  drawn  from  the 
pile.  The  axis  of  the  conical  reflector  lies  in  this  latter  fine. 
True  to  the  law,  the  heat-rays  emanating  from  the  ball  re- 
bound firom  it,  and  strike  the  pile,  and  you  observe  tiie  ooq- 
sequent  prompt  motion  of  the  needle. 

(326)  Like  the  rays  of  light,  the  rays  of  heat  emanating 
firom  our  ball  proceed  in  straight  lines  through  spaoe,  dimin- 
bhing  in  intensity,  exactly  as  light  diminishes.  Thus,  this 
ball,  which  when  dose  to  the  pile  causes  the  needle  of  the 
galvanometer  to  fly  up  to  90^,  at  a  distance  of  4  feet  6  inches 
shows  scarely  a  sensible  action.  Its  rays  are  squandered  on 
all  sides,  and  comparatively  few  of  them  reach  the  pile.  But 
I  now  introduce  between  the  pile  and  the  ball  this  tin  tube, 
▲  B  (fig.  75),  four  feet  long.     It  is  polished  within,  and  there- 
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fore  capable  of  reflection.  The  calorific  rays  strike  the  interior 
surface  obliquely,  are  reflected  from  side  to  side  of  the  tube) 
and  thus  enabled  to  reach  the  pile.  You  see  the  result ;  the 
needle,  which  a  moment  ago  showed  no  sensible  action,  moves 
promptly  to  its  stops. 

(327)  We  have  now  dwelt  sufficiently  long  on  the  reflec- 
tion of  radiant  heat  by  plain  surfaces  ;  let  us  turn  for  a  mo- 
ment to  reflection  firom  curved  surfaces.     This  concave  mirror, 
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If  v  (f^  76),  is  formed  of  copper,  but  U  ooated  with  flQver. 
Hie  wvm  oof^ier  ball,  b,  is  plaoeil  at  k  diataiice  of  eighteen 
inches  from  the  pile,  whose  ooniosl  reflector  is  now  removed ; 
joa  observe  soarcelj  uiy  motion  of  the  needle.  If  the  reflec- 
tor, M  X,  were  placed  properly  behind  a  candle,  its  raya  would 
be  otdleoted,  and  sent  back  !□  a  cylinder  of  light.  The  mirror 
thuB  ooUeota  and  reflects  tlte  calorific  rays  emitted  by  the  ball 
b;  yoD  oaonot,  of  ooune,  see  HkB  track  of  tiiese  obscure  rays, 
as  you  can  that  of  the  luminous  ones ;  but  the  galvanometer 
teveals  the  action,  the  needle  of  the  insbmnent  going  promptly 
up  to  90° 


(328)  A  pair  of  much  larger  miirors  is  now  before  you,  ooe 
of  them  being  placed  flat  upon  the  table.  The  curvature  of 
this  Diirror  is  so  regulated,  that  if  a  light  be  placed  at  its 
focus,  the  raye  which  fall  divergent  upon  the  curved  suriace 
are  reflected  upward  from  it  paralleL  Let  ua  make  the  ex- 
periment :  In  the  foous  T  place  our  electric  coal-points,  bring 
them  into  contact,  and  then  draw  them  a  little  apart;  the 
electric  light  flashes  against  the  mirror,  a  splendid  vertical 
cylinder,  marked  by  the  shining  dust  of  the  room,  being  cast 
upward  by  the  reflector.  If  we  reversed  the  experiment,  and 
allowed  a  parallel  beam  to  fall  upon  the  mirror,  the  rays  of 
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that  be&m,  after  refiection,  would  be  oollected  in  the  fbou. 
f^  _  We  can  actuftUj  nuke 

this  experiment  by  intro- 
ducing ft  oecond  minor, 
wbich,  indeed,  ia  already 
Lere  mupended  from  tlie 
ceiling.  Drawing  it  up 
to  a  hei^t  ctf  90  or  U 
fu-et,  the  vertical  beaa* 
which  prerioasly  fell 
upon  the  ceilinjf,  is  now 
received  bj  the  reflector 
above.  In  the  focus  at 
the  upper  mirror  is  hung 
a  bit  of  oiled  paper,  to 
enable  you  to  aee  the 
rollection  of  the  rays  at 
tlie  focus.    You  obBerve 

I  how  intensely  that  piece 
of  paper  ia  now  illumi- 
lifted,  not  by  the  direct 
light  from  below,  but  by 
tlie  reflected  light  con- 
verged upon  it  by  the 

I    mirror  above. 

(329)  Some  of  you 
liave  probably  witnessed 
the  extraordinary  action 
of  light  upon  a  mixture 
of  hydrogen  and  chlo- 
rine, and  I  will  now 
exhibit  this  action  in  a 
novel  way.  TTiis  tnast- 
parent  collodion  balloon 
is  filled  vi&  the  mixed 
gases;  I  lower  the  up- 
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per  leflector,  and  suspend  the  balloon  firom  a  hook  at- 
tached to  it,  so  that  the  little  globe  shall  swing  in  the 
fooua.  We  will  now  draw  the  nurror  quite  up  to  the  oeiling 
(fig.  77).  Flacingi  as  before,  the  coal-points  in  the  focus 
of  the  lower  mirror,  the  moment  they  are  drawn  apart, 
the  gases  explode.  And,  remember,  this  is  the  action  of  the 
UgiU;  70a  know  that  coDodioD  is  an  inflammable  substance, 
and  heooe  might  suppose  it  to  be  the  hecA  of  the  coal-points 
which  ignites  it,  communicating  its  combustion  to  the  gases. 
But  jou  see  the  flakes  of  the  balloon  descending  to  the  table, 
pnnring  that  the  luminous  rays  went  harmlessly  through  it, 
eaosed  the  gases  to  explode,  the  hydrochloric  acid,  formed  by 
their  combustion,  having  actually  preserved  the  inflanmiable 
envelop. 

(330)  I  again  lower  the  mirror,  and  hang  in  its  focus  a 
second  balloon,  containing  a  mixtme  of  oxygen  and  hydrogen, 
on  which  light  has  no  sensible  effect ;  I  raise  the  mirror,  and 
in  the  focus  of  the  lower  one  place  this  red-hot  copper  ball. 
The  calorific  rays  are  now  reflected  and  converged,  as  the 
luminous  ones  were  reflected  and  converged  in  the  last  ex- 
periment; but  they  act  upon  the  envdop^  which  has  been 
purposely  blackened  to  enable  it  to  intercept  the  heat-rays ; 
the  action  is  not  so  sudden  as  in  the  last  case,  but  there  is  the 
explosion,  and  you  now  see  no  trace  of  the  balloon ;  the  in- 
flammable substance  is  entirely  dissipated. 

(331)  Let  us  lower  the  upper  mirror  once  more,  and  sus- 
pend in  its  focus  a  flask  of  hot  water.  The  thermo-electric 
pile  is  now  placed  at  the  focus  of  the  lower  mirror ;  its  face 
being  turned  upward,  and  exposed  to  the  direct  radiation  of 
the  warm  flask,  there  is  no  sensible  action  produced  by  the 
direct  rays.  But  when  the  face  of  the  pile  is  turned  down- 
ward, if  light  and  heat  behave  alike,  the  rays  from  the  flask 
which  strike  the  reflector  will  be  collected  at  its  focus.  You 
see  that  this  is  the  case ;  the  needle,  which  was  not  sensibly 
affected  by  the  direct  rays,  goes  up  to  its  stops.     The  direction 
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of  that  deflection  is  to  be  noted ;  the  red  end  (rf  the  needle 
moves  toward  jou« 

(332)  In  the  place  of  the  flask  of  hot  water,  I  now  sns* 
pend  a  second  one  containing  a  freezing  mixture.  Pladng, 
as  in  the  former  case,  the  pile  in  the  focus  of  the  lower  mir- 
ror ;  when  turned  directly  toward  the  upper  flask,  there  is 
no  action.  Turned  downward,  the  needle  moves:  observe 
the  direction  of  the  motion — the  red  end  comes  toward  me. 

(333)  Does  it  not  appear  as  if  this  body  in  the  upper  focus 
were  now  emitting  rays  of  cold,  which  are  converged  by  the 
lower  mirror,  like  the  rays  of  heat  in  our  former  experiment? 
The  facts  are  exactly  complementary,  and  it  would  seem  that 
we  have  precisely  the  same  right  to  infer  from  the  experiments 
the  existence  and  convergence  of  cold-rays,  as  we  have  to 
infer  the  existence  and  convergence  of  heat-rays,  liany  of  yon, 
no  doubt,  have  already  perceived  the  real  state  of  the  case. 
The  pile  is  a  warm  body,  but,  in  the  last  experiment^  the  heat 
which  it  lost  by  radiation  was  more  than  made  good  by  that 
received  from  the  hot  flask  above.  Now  the  case  is  reversed ; 
the  quantity  which  the  pile  radiates  is  in  excess  of  the  quan* 
tity  which  it  receives,  and  hence  the  pile  is  chilled — ^the  ex- 
changes are  against  it,  its  loss  of  heat  is  only  partially  com- 
pensated— and  the  deflection  due  to  cold  is  the  necessary 
consequence. 
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OS  TBB  SOnnM  PBODCCSD  BT  THE  OOlCBITBTIOir  Of  QABSB  IH  TDBSB.* 

Lt  Um  fint  TOlume  of  moholaoii'i  Jonniml,  pnbluhed  im  1809,  the 
■oonda  prodoeed  b;  tho  oombiutloa  of  h7drog«n  In  tobea  are  referred 
to  M  lutTing  been  "  made  in  Italj ;  "  Dr.  Higglns,  in  th«  aame  plaoe, 
ahowi  thdt  he  had  diacoTered  them  In  tlie  year  ITll,  while  observ- 
ing the  water  formed  in  a  glaw  Teeael,  bj  the  alow  oombnstion  of  a 
riwder  atream  of  hydrogen.  Ohladai,  in  hit  "Akoatik,"  pQUished 
la  IBOS,  p.  74,  apeaks  of  their  being  mentioned,  and  iucorrectlj  ex- 
]duned,  hj  De  Lno  in  his  "  New  Ideas  on  Meteorology  : "  I  do  not 
know  the  data  of  the  rolnme.  Ohladni  himself  showed  that  the 
tonea  prodnoed  were  the  saoDe  aa  those  of  an  open  pipe,  of  the  same 
luigtb  aa  the  tube  whicli  eooompaased  the  flame.  He  also  snoceeded 
in  obtaining  a  tone  and  its  octave  fWim  the  same  tnbe,  and  in  one 
ease  obtvned  the  fifth  of  the  octave.  In  a  paper  pablisbed  in  the 
"Joamal  de  Physiqao  "  in  IBOS,  G.  De  la  Bive  endeavored  to  aooount 
for  the  sounds  by  referring  them  to  the  alternate  contraction  and 
expansion  of  aqaeoaa  vapor  ;  bssiog  hia  opinion  upon  a  series  of 
eiperimeDts  of  great  beauty  and  ingenuity,  made  with  the  bulbs  of 
thermometers.  In  1618  Mr.  Faraday  took  np  the  sutgeot,  t  and 
showed  that  the  tones  were  prodoeed  when  the  glass  tnbe  was  en- 
veloped by  an  atmosphere  higher  ia  temperature  than  212°  Fahr. 
That  they  were  not  dne  to  aqueoas  vapor  was  further  shown  by  tlie 
fact  that  they  could  be  produced  by  the  combustion  of  carbonic 
oxide.  He  referred  the  sounds  to  successive  explosions,  produced 
by  the  periodic  combination  of  the  atmospheric  oxygen  with  the 
issuing  Jet  of  hydrogen  gas. 

I  am  not  awaro  that  the  dependence  of  the  pitch  of  the  note  on 
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the  size  of  the  flame  has  yet  been  noticed.    To  thiB  point  I  will, 
tlie  first  place,  briefly  direct  attention. 

A  tube  25  inches  long  was  placed  over  an  ignited  Jet  of  hydrogc 
the  sound  produced  was  the  fundamental  note  of  the  tnbe. 

A  tube  12^  inches  long  was  brought  over  the  same  flame,  but 
sound  was  obtained. 

The  flame  was  lowered,  in  order  to  make  it  as  small  as  poaail 
and  the  tube  last  mentioned  was  again  brought  over  it ;  it  ga 
a  clear  melodious  note,  the  octave  of  that  obtained  with  the  SS-in 
tube. 

The  25-inch  tube  was  now  brought  over  the  same  flame ;  it 
longer  gave  its  fundamental  note,  bnt  exactly  the  same  aa  that  < 
I- J  tained  from  the  tube  of  half  its  length. 

Thus  we  see,  that  although  the  speed  with  which  the  ezplosic 
{  succeed  each  other  depends  upon  the  length  of  the  tube,  the  flai 

has  also  a  voice  in  the  matter;  that,  to  produce  a  musical  sonnd, 
size  must  be  such  as  to  enable  it  to  explode  in  unison,  either  w: 
};  the  fuudamentul  pulses  of  the  tube,  or  with  the  pulses  of  its  harmoi 

•  divisioDS. 

>  With  a  tube  6  feet  0  inches  long,  by  varying  the  size  of  1 

flame,  and  a(\ju8ting  the  depth  to  which  it  reached  within  the  tnl 
CI  I  liave  obtained  a  scries  of  notes  in  the  ratio  of  the  numbers  1,  2, 

*^  4,  5. 

These  experiments  explain  the  capricious  nature  of  the  soun 
sometimes  obtained  by  lecturers  upon  this  subject.     It  is,  howev 
always  possible  to  render  the  sounds  clear  and  sweet,  by  suitably  f 
:'  t  justing  the  size  of  the  flame  to  the  length  of  the  tube.* 

Since  the  experiments  of  Mr.  Faraday,  nothing,  that  I  am  awf 
of,  has  been  added  to  this  subject,  until  quite  recently.  In  a  recc 
number  of  Poprgendorfl^s  **Anualon,^'  an  interesting  experiment 
described  by  M.  von  Schaffgotsch,  and  made  the  subject  of  some  i 
marks  by  Prof.  Poggendorff  himself.  A  musical  note  was  obtain 
with  a  jet  of  ordinary  coal-gas,  and  it  was  found  that,  when  the  vol 
was  pitched  to  the  same  note,  the  flame  assumed  a  lively  motic 
which  could  be  augmented  until  the  flame  was  actually  extinguish^ 
M.  von  Schaffgotsch  does  not  describe  the  conditions  necessary 
the  success  of  his  experiment;  and  it  was  while  endeavoring  to  fii 

*  With  a  tube  141  inches  in  length  and  an  exceedingly  minute  jet  of  gi 
I  obtained,  without  altering;  the  quantity  of  gas,  a  note  and  its  octave :  t 
flame  possessed  the  power  of  changing  its  own  dimensionB  to  suit  both  not 


1 . 


BUrOING  FLAMB3.  239 

out  these  conditioiis  that  I  alighted  apon  the  facts  which  fonn  the 
principal  sabject  of  this  brief  notice.  I  may  remark,  that  M.  von 
Schaffgotsoh's  result  may  be  produced,  with  oertaintj,  if  the  gas  be 
cansed  to  issue,  under  snllioieiit  pressure,  through  a  very  small  ori- 
fiee. 

In  the  first  experiments  I  made  use  of  a  tapering  brass  burner, 
10|  inohes  long,  having  a  superior  orifice  about  toth  of  an  inch  in 
diameter.  The  shaking  of  the  singing  fiame  within  the  glass  tube, 
when  the  Toloe  was  properly  {dtched,  was  so  manifest  as  to  be  seen 
by  several  hundred  people  at  once. 

I  placed  a  syren  within  a  few  feet  of  the  singing  flame,  and  grad- 
naOy  heightened  the  note  produced  by  the  iustrument.  As  the 
sounds  of  the  flame  and  syren  approached  perfect  unison,  the  flame 
shook.  Jumping  up  and  down  within  the  tube.  The  interval  between 
the  Jompe  became  greater,  until  the  unison  was  perfect,  when  tlie 
motion  oeased  for  an  instant;  the  syren  still  increasing  in  pitch,  the 
motion  of  the  flame  again  appeared,  the  jumping  became  quicker 
and  quicker,  until  finally  it  ceased  to  be  discernible. 

This  experiment  showed  thut  the  jumping  of  the  flamo,  observed 
by  M.  von  Schaffgotsch,  \a  the  optical  expression  of  the  beats  which 
occur  at  each  side  of  the  perfect  unison ;  the  beats  could  be  heard  in 
exact  accordance  with  the  shortening  and  lengthening  of  the  flame. 
Beyond  the  region  of  these  beats,  in  both  directions,  the  8ound  of  tlie 
syren  produced  no  visible  motion  of  the  flame.  What  is  true  of  the 
syren  is  true  of  the  voice. 

While  repeating  and  varying  these  experiments,  I  once  had  a 
silent  flame  within  a  tube,  and  on  pitching  my  voice  to  the  note  of 
the  tube,  the  flame,  to  my  great  surprise,  instantly  started  into  song. 
Placing  the  flnger  on  the  end  of  the  tube,  and  silencing  the  melody, 
on  repeating  the  experiment  the  same  result  was  obtained. 

I  placed  the  syren  near  tlie  flame,  as  before.  The  latter  was 
burning  tranquilly  within  its  tube.  Ascending  gradually  from  the 
lowest  notes  of  the  instrument,  at  the  moment  when  the  sound  of 
the  syren  reached  the  pitch  of  the  tube  which  surrounded  the  gas- 
flame,  the  latter  suddenly  stretched  itself  and  commenced  its  song, 
which  ^continued  indefinitely  after  the  syren  had  ceased  to  sound. 

With  the  burner  which  I  have  described,  and  a  glass  tube  12  inches 
long,  and  from  (  to  )  of  an  inch  in  internal  diameter,  this  result  can 
be  obtained  with  ease  and  certainty.  If  the  voice  be  tlirown  a  little 
higher  or  lower  than  tlie  note  due  to  the  tube,  no  visible  effect  is 
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produced  upon  the  flame;  tke  pitch  of  the  Toice  miut  He  witUitte 
region  of  the  audible  beats. 

Bj  Tarying  the  length  of  the  tnbe,  we  yarj  the  note  prodieii^ 
and  tiie  Toice  must  be  modified  acoordinf^. 

That  the  shaking  of  the  flame,  to  which  I  have  already  referred, 
proceeds  in  exact  accordance  with  the  beatSi  la  beantiitally  ahowilT  i 
a  tanlDg-fork  which  gives  the  same  note  as  the  flame.    Loading  tki 
fork,  so  aa  to  throw  it  slightly  ont  of  nnison  with  the  flame,  wInb 
the  former  is  s<Hmded  snd  brongfat  near  the  flame,  the  Jompings  m 
seen  at  exactly  the  same  intenrals  aa  those  in  which  the  beats  m 
heard.    When  the  timing-fork  is  brought  over  a  resonant  jar  or  but- 
tlcf  the  beats  may  be  heard  and  the  Jompings  seen,  by  a  tfaoasnl 
people  at  (mce.    By  changing  the  load  np<m  the  toning-fork,  or  by 
alightly  altering  the  sise  of  the  flame,  the  qniokness  witib  which  the 
beats  saoceed  each  other  may  be  changed,  bnt  in  all  caaes  the  Jnmp- 
ings  address  the  eye  at  the  same  moment  that  the  beats  address  the  ev. 

With  the  toning-fork,  I  have  obtained  the  same  resolta  aa  wt& 
the  voice  and  syren.  Holding  a  fork  over  a  tabe  which  responds  to 
it,  and  which  contains  within  it  a  silent  flame  of  gas,  the  latter  Im- 
mediately starts  into  song.  I  have  obtained  this  result  with  a  seiies 
of  tubes  varying  from  10^  to  29  inches  in  length.  The  following  ex- 
periment could  be  made :  A  series  of  tubes,  capable  of  producing  the 
notes  of  the  gamut,  might  be  placed  over  suitable  Jets  of  gas;  all  be- 
ing silent,  let  the  gamut  be  run  over  by  a  murioian,  with  an  instru- 
ment sufficiently  powerful,  placed  at  a  distance  of  twenty  or  thirty 
yards.  At  the  sound  of  each  particular  note,  the  gas-jet  oontdned 
in  the  corresponding  tube  would  instantly  start  into  song. 

I  must  remarlc,  however,  that,  with  the  Jet  which  I  have  used, 
the  experiment  is  most  easily  made  with  a  tube  about  11  or  12  inches 
long :  with  longer  tubes,  it  is  more  difficult  to  prevent  the  flame  from 
singing  spontaneously,  that  is,  without  external  excitation. 

The  principal  point  to  be  attended  to  is  this  :  With  a  tube,  ssy 
of  12  inches  in  length,  the  flame  requires  to  occupy  a  certain  po8iti<m 
in  the  tube,  in  order  that  it  shall  sing  with  a  maximum  intensity. 
Let  the  tube  be  raised,  so  that  the  flame  may  penetrate  it  to  a  less 
extent ;  the  energy  of  the  sound  will  be  thereby  diminished,'  and  a 
point  (a)  will  at  length  be  attained,  where  it  will  cease  altogether. 
Above  this  point  for  a  certain  distance,  the  flame  may  be  caused  to 
burn  tranquiUy  and  silently  f(»r  any  length  of  time,  but  when  exdted 
by  the  voice  it  will  sing. 
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When  the  flame  is  too  near  the  i>oint  (a),  on  being  excited  by  tlio 

Foice  or  by  a  taning-fork,  it  will  respond  for  a  short  time,  and  then 

oetse.    A  little  above  the  point  where  this  cessation  occars,  the 

flame  boms  tranquillj,  if  nnezcited ;  bat,  if  onoe  caused  to  sing,  it 

win  oontinae  to  do  so.    With  sach  a  flame,  which  is  not  too  sensitive 

to  external  impressions,  I  have  been  able  to  revene  the  effect  hitherto 

ietenbed^  and  to  stop  the  song  at  pleasure  by  the  sound  of  my  voice, 

or  by  a  tuning-fork,  without  qaenching  the  flame  itselfL    Sach  a 

flime,  I  find,  may  be  made  to  obey  the  word  of  command,  and  to 

nng  or  cease  to  sing,  as  the  experimenter  pleases. 

The  mere -clapping  of  the  hands,  producing  an  explosion,  shouting 
ai  aa  Inoorrect  pitch,  shaking  of  the  tube  surrounding  the  flame,  are, 
when  the  arrangements  are.  properly  made,  ineffectual.  Each  of 
tiieae  modes  of  disturbance  doubtless  affects  the  flame,  but  the  im- 
pulses do  not  accumulate,  as  in  the  •case  where  the  note  of  the  tube 
iteelf  is  struck.  It  appears  as  if  the  flame  were  dec{f  to  a  single  im- 
pulse, as  the  tympanum  would  probably  be,  and,  like  the  latter, 
aeeds  the  accumulation  of  impulses  to  give  it  sufficient  motion.  A 
difference  of  half  a  tone,  between  two  tuning-forks,  is  sufficient  to 
esose  one  of  these  to  set  the  flame  singing,  while  the  other  is  power- 
less to  produce  this  effect 

I  have  said  that  the  voice  must  be  pitched  to  the  note  of  the  tube 
which  surrounds  the  flame ;  it  would  be  more  correct  to  say,  the 
note  produced  by  the  flame  when  singing.  In  all  cases,  this  note  is 
sensibly  higher  than  that  due  to  the  open  tube  which  surrounds  the 
flame ;  this  ought  to  be  the  case,  because  of  the  high  temperature  of 
the  vibrating  column.  An  open  tube,  for  example,  which,  when  a 
tuning-fork  is  held  over  its  end,  gives  a  maximum  reinforcement, 
prodaces,  when  surrounding  a  singing  flame,  a  note  higlier  than  that 
of  the  fork.  To  obtain  the  latter  note,  the  tube  must  be  sensibly 
longer. 

What  is  the  constitution  of  the  flame  of  gas,  while  it  produces 
these  musical  sounds  ?  This  is  the  next  question  to  which  I  will 
briefly  call  attention.  Looked  at  with  the  naked  eye,  the  sounding 
flame  appears  constant ;  but  is  the  constancy  real  ?  Supposing  each 
pulse  to  be  accompanied  by  a  physical  change  of  the  flame,  such  a 
change  would  not  be  perceptible  to  the  naked  eye,  on  account  of  the 
velocity  with  which  the  pulses  succeed  each  other.  The  light  of  the 
flame  would  appear  continuous,  on  the  same  principle  that  the  trou- 
bled portion  of  a  descending  liquid  jet  appears  continuous,  although, 

11 
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hj  proper  means,  this  pordon  of  a  Jet  can  be  shown  to  be  eomposed 
of  isolated  drops.  If  we  cause  the  image  of  the  flame  to  pass  speedi- 
ly over  different  portions  of  the  retina,  the  changei  acoompanjiog 
the  periodic  impalses  will  manifest  themselYes,  in  the  character  of 
the  image  thus  traced. 

I  took  a  glass  tube,  8  feet  2  inches  long,  and  about  an  inch  and  a 
half  in  internal  diameter,  and,  placing  it  over  a  very  small  flame  of 
defiant  gas  (common  gas  will  also  answer),  obtained  the  ftandameottl 
note  of  the  tube :  on  moving  the  head  to  and  fW>,  the  image  of  the 
sounding  flame  was  separated  into  a  series  of  distinct  images ;  the 
distance  between  the  images  depended  upon  the  velocity  with  which 
the  head  was  moved.  This  experiment  is  suited  to  a  darkened  lect- 
ure-room. It  was  still  easier  to  obtain  the  separation  of  the  images 
in  this  way,  when  a  tube  6  feet  9  inches  in  length,  and  a  larger  flame, 
were  made  use  of. 

The  same  result  is  obtained,  when  an  opera-glass  is  moved  to  and 
ft'o  before  the  eye. 

But  the  most  convenient  mode  of  observing  the  flame  is  with  i 
mirror ;  and  it  can  be  seen  either  directly  in  the  mirror,  or  by  pro- 
jection upon  a  screen. 

A  lens  of  33  centimetres  focns  was  placed  in  front  of  a  flame  of 
common  gas,  upward  of  an  inch  long,  and  a  paper  screen  was  hung 
at  about  6  or  8  feet  distance  behind  the  flame.  In  front  of  the  lens, 
a  small  looking-glass  was  held,  which  received  the  light  that  had 
passed  through  the  lens,  and  reflected  it  back  upon  the  screen  placed 
behind  the  latter.  By  adjusting  the  position  of  the  lens,  a  well-de- 
fined inverted  image  of  the  flame  was  obtained  upon  the  screen.  On 
moving  the  mirror,  the  image  was  displaced,  and,  owing  to  the  reten- 
tion of  the  impression  of  the  retina,  when  the  movement  was  sufll- 
ciently  speedy,  the  image  described  a  continuous  luminous  track. 
Holding  the  mirror  motionless,  the  6-foot  9-inch  tube  was  placed  over 
the  flame :  the  latter  changed  its  shape,  the  moment  it  commenced 
sounding,  remaining,  however,  well  defined  upon  the  screen.  On 
now  moving  the  mirror,  a  totally  different  effect  was  produced :  in- 
stead of  a  continuous  track  of  light,  a  series  of  distinct  images  of  the 
sounding  flame  was  observed.  The  distance  of  these  images  apart 
varied  with  the  motion  of  the  mirror ;  and,  of  course,  could  be  made, 
by  suitably  turning  the  reflector,  to  form  a  ring  of  images.  The  ex- 
periment is  beautiful,  and  in  a  dark  room  may  be  made  visible  to  a 
large  audience. 
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The  eKperiiaent  wu  liao  varied  in  the  following  munet :  A  tri- 
angnkr  prin  of  wood  had  ita  nidcs  eoated  with  reotuigalkr  piMsa 
^  lookiiig-glaM ;  tt  wu  siupended  bj  ■  thread,  with  ill  &zia  rerti- 
eal ;  torrion  wu  Imputed  to  the  thread,  and  the  prlam,  aotod  npon 
bj  thle  tonhm,  oanaed  to  rotate.  It  wu  so  plaoed,  that  ita  three 
fheea  reoaived  in  waootteUm.  the  beam  of  light,  unt  fram  tbe  flame 
through  the  lena  in  front  of  It,  and  threw  the  imagea  upon  the  (Mreeo. 
Om  aommenolng  ita  motion,  Ut«  imagea  were  Init  alightlj  aeparated, 
hat  heoame  more  and  more  so,  aa  the  motion  approached  its  maxi- 
maoL  This  onoe  paaaed,  the  imagea  drew  closer  togetlier  again,  nntil 
thfjf  ended  Id  a  kind  of  Inminou  ripple.  Alhiwing  the  required  tor- 
rioB  to  rettot,  the  same  aeries  of  effects  ooold  be  produced,  the  motion 
bring  in  an  opposite  direotioii.  In  these  experiments,  that  half  of  the 
tnbe  whloh  was  tamed  toward  the  screen  was  oo«ted  witJi  lamp-Uaok, 
sD  as  tAOnt  off  the  direct  light  of  the  Jet  from  the  screen.* 

Bnt  what  is  the  state  of  the  flame,  in  the  Interrsl  between  two 
imagea  }  The  flame  of  common  gas,  or  oleflant  gas,  owes  its  bright- 
oees  to  the  solid  particles  of  carbon  disohai^ed  into  it.  If  we  blow 
against  a  lominonH  gas-flame,  a  eonnd  b  heard,  a  small  explosion,  in 
fkct,  and  hj  saoh  a  pnff  the  light  ma;  be  cansed  to  disappear.  Dar- 
ing a  windy  night,  the  exposed  gas-jets  in  the  shops  are  often  de- 
prived of  their  light,  and  bnro  blae.  In  like  manner,  the  common 
blowpipe-Jet  deprives  bnming  coal-gas  of  Its  brilliant  light.  I  hence 
concluded  that  the  explosions,  the  repetition  of  which  produces  tbe 
musical  sound,  rendered,  at  the  moment  thej  occurred,  the  oombus- 
tion  so  perfect  u  to  eitingnidi  the  solid  carbon  particles;  but  I  im- 
agined that  the  images  on  the  screen  would,  on  closer  examioation, 
be  found  united  by  SQaoes  of  blue,  wliicb,  owing  to  tlioir  dimnean, 
were  not  seen  by  the  method  of  projection.  This  in  many  instances 
was  fonnd  to  be  the  case. 

I  was  not,  however,  prepared  for  the  following  result :  A  flame 
of  oletiant  gas,  rendered  almost  as  smnll  as  it  could  be,  was  procured. 
The  3-foot  2-iach  tube  was  placed  over  it ;  the  liame,  on  singing,  bo- 

*  SiDoe  these  txperimeot*  ware  nuds,  Ur.  Wbentatone  has  drawn  my  at- 
lentioD  to  the  foUovlDg  puuge,  which  prorei  that  he  bad  already  msda  use 
of  the  rotating  mirror  in  exunlning  a-iilnging  flame  :  "  A  flame  of  hydrogen 
fsa  bandog  in  the  open  lir  preienta  ■  oantinuoae  eircle  in  the  mirror ;  but, 
while  prodnoing  ■  >oand  within  a  glus  tube,  re{;iilar  iatanniuionaorinleneity 
ar<i  obaerved,  whieh  preient  a  ohain-iike  appOorHacO,  and  indicate  oKemeta 
c-mtroetionB  and  diUtntions  of  the  flnme  oorreiponding  with  the  » 
vibration*  ofthe  oolamn  of  air."    (Fbil.  Irani.  1SS4,  p.  SW.) 
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oame  elongtted,  and  lost  some  of  its  light,  still  it  was  bright  at  ita 
top ;  looked  at  in  the  moving  mirror,  a  beaded  line  of  great  beaoty 
was  observed ;  in  front  of  each  head  was  a  litUe  luminoos  star,  after 
it,  and  continuous  with  it,  a  spot  of  rich  blue  light,  whioh  terminated, 
and  left,  as  far  as  I  could  jndge,  a  perfectly  dark  spacei  between  it 
and  the  next  following  Inmmons  star.  I  shall  examine  thia  farther 
when  time  permits  me,  bat,  as  far  as  I  can  at  present  jadge,  the  flame 
was  actually  extingaished  and  relighted,  in  aocordanoe  with  the 
sonorous  pulsation. 

When  a  silent  flame,  capable,  however,  of  being  .excited  by  the 
voice  in  the  manner  already  described,  is  placed  within  a  tube,  and 
the  continuous  line  of  light  produced  by  it  in  the  moving  mirror  is 
observed,  I  know  no  experiment  more  pretty  than  the  resolation  of 
this  line  into  a  string  of  richly-luminous  pearls,  at  the  instant  the 
voice  is  pitched  to  the  proper  note.  This  may  be  done  at  a  consider- 
able distance  from  the  jet,  and  with  the  back  turned  toward  it. 

The  change  produced  in  the  line  of  beads,  when  a  tuning-fork, 
ca])able  of  giving  beats  with  the  flame,  is  brought  over  the  tube,  or 
over  a  resonant  jar  near  it,  is  also  extremely  interesting  to  observe. 
I  will  not  at  present  enter  into  a  more  minute  description  of  these 
results.  Sufficient,  I  trust,  has  been  said,  to  induce  experimenters  to 
reproduce  the  effects  for  themselves ;  the  sight  of  them  will  give 
more  pleasure  than  any  description  of  mine  could  possibly  do. 


TRANSLATION  OF   A   PAPER   ON   ACOtTSTIC  EXPERIMENTS.* 

A  GLASS  tube  open  at  both  euds,  when  simply  blown  upon  by  the 
mouth,  gives  its  fundamental  tone,  i.  e.,  the  deepest  tone  belonging  to 
it,  as  an  open  orgnn-pipe,  feebly  but  distinctly.  On  placing  the 
open  hand  upon  one  of  tlie  openings,  and  rapidly  withdrawing  it,  the 
tube  yields  two  notes,  one  after  the  other;  first  the  fundamental 
note  (»f  the  closed  pipe,  and  then  the  note  of  the  open  pipe,  already 
mentioned,  which  is  an  octave  higher.  By  the  application  of  heat, 
these  fundamental  tones,  of  which  only  the  higher  one  will  be  taken 
into  consideration  here,  are  raised,  as  is  well  known  ;  this  is  observed 
immediately  on  blowing  upon  a  tube  heated  externally,  or  by  a  gas- 
flame  burning  in  its  interior.  For  example,  a  tube  242  miUims.  in 
length,  and  20  millims.  in  diameter,  heated  throughout  its  whole 

*  By  Count  Schaffgoti>oh :  Pbil.  Mag.,  December,  1867. 
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lengtiif  wben  blown  upon  even  before  it  reaobes  a  red  heat,  gives  a 
tone  raised  a  mi^or  tUid,  namely,  the  aeoond  G  sharp  in  the.treble 
elef^  instead  of  the  oorreqxynding  £.  If  a  gaa-fUune  14  millims.  in 
length,  and  1  miUinu  in  breadth  at  the  bottom,  is  burning  in  the  tabe, 
the  tone  rises  to  the  second  treble  F.  sharp.  The  same  gas-flame 
fadaea  the  tone  of  a  tabe  S78  milliros.  in  length,  and  21  milUms.  in 
width,  from  the  second  treble  D  to  the  ooiresponding  E.  These  two 
tnbea,  which  for  brevity  will  hereafter  be  referred  to  as  the  £  tube 
and  the  D  tabe,  served  for  all  the  following  experiments,  the  object 
for  which  was  to  show  a  well-known  and  by  no  means  sorprising 
Iket^  in  a  striking  manner,  namely,  that  the  column  of  air  in  a  tube  is 
set  in  vibration  when  its  ftmdamental  tone,  or  one  nearly  allied — for 
example,  an  octave— ia  sounded  outside  the  tube.  The  existence  of 
the  aflrial  vibrations  was  rendered  perceptible  by  a  column  of  smoke, 
a  onrrent  of  gas,  and  a  gas-flame. 

1.  A  glimmering  smolcy  taper  was  placed  dose  under  the  E  tube, 
held  perpendicularly,  and  the  smoke  passed  through  the  tube,  in  the 
form  of  a  umform  thread.  At  a  distance  of  1*5  metre  tcom  the  tube, 
the  first  treble  E  was  snug.  The  smoke  curled,  and  it  appeared  as 
if  a  part  of  it  would  be  forced  out  at  the  upper,  and  the  other  part 
at  the  lower  opening  of  the  tube. 

2.  Two  gas-burners,  1  millim.  in  the  aperture,  were  applied  near 
each  other  to  the  same  conducting  tube.  Oommon  gas  flowed  from 
both  of  them ;  one  projected  from  below  into  the  D  tube,  for  about 
one-fifth  of  its  length;  the  gas-flame  of  the  other  was  8  millims.  in 
height.  At  a  distance  of  1*5  metre  therefrom,  the  first  treble  D  was 
sung;  the  flame  increased  several  times  in  breadth  and  height,  and, 
consequently,  in  size  generally ;  a  larger  quantity  of  gas,  therefore, 
flowed  out  of  the  outer  burner,  which  can  only  be  explained  by  a 
diminution  of  the  stream  of  gas  in  the  inner  burner,  that  is,  in  the 
one  surrounded  by  the  glass  tube. 

8.  A  burner,  with  an  aperture  of  1  millim.  projecting  from  below 
into  the  D  tabe,  about  80  millims.,  yielded  a  gas-flame  14  millims.  in 
length.  At  5*6  metres  therefrom,  the  first  treble  £  was  sung:  the 
flame  was  instantaneously  extinguished.  The  some  thing  took  place 
at  7  metres,  when  the  flame  was  only  10  millims.  in  height,  and  the 
first  treble  D  sharp  was  sung. 

4.  The  lost-mentioned  flame  is  also  extinguished  by  the  note 
G  sharp,  sounded  close  to  it.  Noises,  such  as  the  clapping  of 
hands,  pushing  a  chair,  or  shutting  a  book,  do  not  produce  this  eflfect. 
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6.  A  bamer  with  an  i^rtora  of  0*5  niillinL,  pmjtMng  ftom  Imi- 
low  60  millims.  into  the  D  tabe,  yielded  a  ^balar  gaa-flame  $  to  3i5 
millims.  in  diameter.  By  gradually  doaing  a  stop-cock,  the  ptwaga 
of  gas  was  more  and  more  limited.  The  flame  soddenl/  beoima 
mnch  longer,  but  at  the  same  time  narrower,  and  nearly  <QrIiiidrioaI| 
acquiring  a  bluish  color  throughout,  and  firom  the  tube  m  pieraing 
second  treble  D  was  sounded;  this  is  the  phenomenon  of  the  so- 
called  chemical  harmonica,  which  has  been  known  for  eightjy  yearii 
When  the  stopcock  is  still  farther  dosed,  the  time  becomes  atroiigei^ 
the  flame  longer,  narrower,  and  spindle-shaped  ;  at  last  it  disi^pean. 

An  effect,  exactly  similar  to  that  caused  by  cutting  off  the  gaS| . 
is  produced  upon  the  small  gas-flame  by  a  D,  or  the  first  treble  D, 
sung  or  sounded  from  instruments ;  and,  in  this  case,  it  is  to  be 
observed  that  the  flame  generally  becomes  the  more  sensiUve,  the 
smaller  it  is,  and  the  further  the  burner  projects  into  the  glass 
tube. 

6.  The  flame  in  the  D  tube  was  2  or  8  millims.  in  length ;  at  a 
distance  of  16*8  metres  (more  than  51  feet)  from  it,  the  first  treble 
D  was  sounded.  The  flame  immediately  acquired  the  unusual  form, 
and  the  socond  treble  D  sounded,  and  continued  to  sound  from  the 
tube. 

7.  While  the  second  treble  D  of  the  preceding  experiment  was 
sounding,  the  first  treble  D  was  sounded  loudly,  close  to  the  tube, 
when  the  flame  became  excessively  elongated,  and  then  disappeared. 

8.  The  flame  being  only  1*5  millim.  in  length,  the  first  treble  D 
was  sounded.  The  flame  gave  out  the  second  treble  D  (and  perhaps 
sometimes  also  a  higher  D)  only  for  a  moment,  and  dis^peared. 
The  flame  is  also  affected  by  various  D^s  of  an  adjustable  labial  pipe, 
by  the  contra  D,  D,  D,  the  first  treble  D,  and  the  second  treble  D  of 
a  harmonium,  but  by  no  single  0  sharp  or  D  sharp  of  this  powerful 
instrument.  It  is  also  affected  by  the  third  treble  D  of  a  clarinet, 
although  only  when  quite  close.  The  sung  note  also  acts,  when  pro- 
duced by  inspiration  (in  this  case  the  second  treble),  or  when  the 
mouth  is  turned  from  the  flame. 

9.  In  immediate  proximity,  the  note  G  sung  is  effective. 

Some  influence  is  exerted  by  noises,  but  not  by  all,  and  often  not 
by  the  strongest  and  nearest,  evidently  because  the  exciting  tone  is 
not  contained  in  them. 

10.  The  flame  burning  quietly  in  the  interior  of  the  D  tube  was 
About  2*5  millims.  in  length.    In  .the  next  room,  the  door  of  which 
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open,  fhe  four  legs  of  a  ohair  were  stamped  simnltaiieonsly 
upon  the  wooden  floor.  The  phenomenon  of  the  ohemioal  harmonica 
immediatelj  ooouired.  A  very  small  flame  is,  of  coarse,  eztin- 
gnished,  after  aonnding  for  an  Instant,  b  j  the  noise  of  a  chair.  A  tam- 
bonrina,  when  strook,  acts  sometimes,  bat  not  in  generaL 

11.  The  flame  horning,  in  the  excited  flinging  condition,  in  the 
fnt«rior  of  the  D  tabe,  the  latter  was  alowly  raised  as  high  as  pos- 
sible, withoat  causing  the  retom  of  the  flame  to  the  ordinary  con- 
dition. The  note,  the  flrst  treble  D,  was  sang  strongly  and  hroken 
%ff  nutdetUyj  at  a  distance  of  1*6  metre.  The  harmonic  tone 
ceased,  and  the  flame  fell  into  a  state  of  repose,  withoat  being  ex- 
tingoished. 

13.  The  same  result  was  prodaced  by  acting  npon  the  draaght  of 
air  in  the  tube  by  a  ftnning  motion  of  the  open  hand,  dose  above 
the  upper  aperture  of  the  tabe. 

18.  In  the  D  tube  there  were  two  burners  dose  together;  one 
of  them,  0'6  millim.  in  i^terture,  opened  five  millims.  below  the 
other,  the  diameter  of  which  was  1  millim.  or  more.  Currents  of 
gas,  independent  of  each  other,  flowed  out  of  both ;  that  flowing 
from  the  narrower  burner  being  very  feeble,  and  buruing,  when 
ignited,  with  a  flame  about  1*5  millim.  in  length,  nearly  invisible  in 
the  day ;  the  first  treble  D  was  sung  at  a  distance  of  three  metres. 
The  strong  current  of  gas  was  immediately  infiamed,  because  the 
little  flame  situated  below  it,  becoming  elongated,  flared  up  iuto  it. 
By  a  stronger  action  of  the  tone,  the  small  flame  itself  is  extin- 
guished, so  that  an  actual  transfer  of  the  flame  from  one  burner  to 
the  other  takes  place.  Soon  afterward,  the  feeble  current  of  gas 
is  usaally  again  inflamed  by  the  large  flame,  and,  if  the  latter  be 
again  extinguished  alone,  every  thing  is  ready  for  a  repetition  of  t)io 
experiment. 

14.  The  same  result  is  furnished  by  stamping  with  the  chair,  etc. 
It  is  evident  that,  in  this  way,  gas-flames  of  any  desired  size,  and 
any  mechanical  action,  may  be  produced  by  musical  tones  and 
noises,  if  a  wire  stretched  by  a  weight  be  passed  through  the 
glass  tube,  in  such  a  way  that  the  flaring  gas-flame  must  burn 
upon  it. 

15.  If  the  flame  of  the  chemical  harmonica  be  looked  at  stead- 
fastly, and  if^  at  the  same  time,  the  head  be  moved  rapidly  to  the 
right  and  left  alternately,  an  uninterrupted  streak  of  light  is  not 
seen,  such  as  is  fpven  by  every  other  luminous  body,  but  a  series  of 
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mtm,  MpedaDy  wb«B  tabes  of  »  —fae^  and  flamM  of  a  eem 
in  lengthy  are  caiplojed. 

Tlua  ezperimenft  abo  anceeeda  mrj  tmOj  withoat  mo? 
ejaB|  wben  the  flenm  la  looked  at  tinoa^  an  opera^ aaa,  the 
^laaa  of  which  la  BMrrad  rapidlj  to  and  fro,  or  in  a  circle;  i 
when  the  pietam  of  the  flenm  la  obeerred  in  a  band-mirror 
alMNiL  Itii^howefer,  onljaTariatioaoftheezperiineiitlo 
deaoribed  and  OYplalned  bj  Wbeatatoiie,  for  wliich  a  mirroi 
bj  watehworik  waa  emplojad. 

[llii[,pefhe|M,batri^that  I  dhoold  dmw  attmHon  to  the  re 
the  fcuBBBiag  paper  to  eae  tiiet  I  have  pabBibed  on  the  same  solj 
Maj  e^aad  the  diji  tnoBMiBatalj  foDowkig,  the  principal  fiieta  dea 
■7  paper  were  diaeorerad;  bat  on  April  SOtii,  the  foregoing resohs 
ccBMaaaieated  by  VfoL  PoggndoriT  to  the  Academy  of  Sdenoes  ii 
ThRM^  te  Undacei  cf  X.  nm  Sdia%otadi  UmaeU;  I  leoeiTed  1 
at  ChaMoaiil,  nany  weeks  after  the  pvbSeatioB  of  my  own,  and  iml 
waa  not  aware  cf  hie  baring  conttBoed  bla  eiqieriments  upon  the  sal 

We  Uiiia  woriEedindependentfy  of  each  other;  but,  as  far  as  the  < 
phenomena  are  common  to  both,  aO  the  merit  of  priority  rests  wii 
Sehall^otsdL—J.  T.] 
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CHAPTER   EX. 


LAW  OP  MMIlfUTIOS  WRB  THS  DISTAKOB— THE  WATSS  OF  SOVKD  LOKOmrDUf  AL ;  TH06B 
or  UOBT  TKAHSTSMAL— WSV  THVT  OtOILLATB,  nn  MOUWITLH  OT  DOmCBBirT  BOOIM 
OOMMUinOATS  DDFEBUfT  AMOTinB  OF  MOTIOV  TO  TOM  KrHSB—BAOIATlOll  THB  OOlOnr- 
MIDATIOir  OP  MOnOV  TO  THB  BTHBB;  ABflOBPlIOir  IBB  AOOBPTANOB  OP  MOTIOK  PBQM 
THB  BTHBBr-THOflB  BVBPACB8  WHICH  EASfATB  WBLL  ABSOBB  WBLL— A  OLOSB  WOOLLBM 
OOTEBOfO  PAC1UTATB8  GOOLUrO— PBBSBBYATiyB  UfPLVBVOB  OP  QOLD-LBAP— THB  ATOMA 
OP  BODIBB  XlfTBBOBPT  OBBTADC  WATBB,  AKD  AUMW  OIHBBS  TO  PASS— ^TBAKBPABBlfOT 
AHO  DIATHBHMAKOT— DIATHBBMIO  BODIBB  BAD  XADIATOBB— DBPIKITION  OP  THB  TBBM 
'*<)UALJTT**  AS  APPLIBD  TO  BAOIAMT  HBAT— THB  BATS  WmOB  PASS  WimOUT  ABSORP- 
nOB  DO  KOT  HBAT  THB  MKOIUM— PBOPOBTIOB  OP  LVMnrOVB  ANO  OBSOUBB  BATS  DT 
YABIOCB  PLAMBS. 

(334)  r  I  iHE  intensity  of  radiant  heat  diminishes  with  the 
-^  distance,  in  the  same  manner  as  that  of  light. 
\Vliat  is  the  law  of  diminution  for  light  ?  Each  side  of  this 
square  sheet  of  paper  measures  two  feet ;  folded  thus,  it  forms 
a  smaller  squard,  each  side  of  which  is  a  foot  in  length.  The 
electric  lamp  now  stands  at  a  distance  of  sixteen  feet  from  the 
screen ;  and  at  a  distance  of  eight  feet,  that  is,  exactly  mid- 
way between  the  screen  and  the  lamp,  I  hold  this  square  of 
paper.  The  lamp  is  naked,  unsurrounded  by  its  camera,  and 
the  Hiys,  uninfluenppd  by  any  lens,  are  emitted  in  straight 
lines  on  all  sides.  You  see  the  shadow  of  the  square  of  paper 
on  the  screen ;  let  us  measure  the  boundary  of  that  shadow, 
and  then  unfold  the  sheet  of  paper,  so  as  to  obtain  the  original 
large  square.  You  see,  by  the  creases,  that  it  is  exactly  four 
times  the  area  of  the  smaller  one.  This  }^Tge  sheet,  when 
placed  against  tlie  screen,  exactly  covers  the  space  formerly 
occupied  by  the  shadow  of  the  small  square. 

(335)  On  the  small  square,  therefore,  when  it  stood  mid- 
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way  between  the  lamp  and  Boreeii,  a  quantity  of  li^it  £bU 
which,  when  the  smalt  square  is  removed,  is  difiised  over  frntr 
times  the  area  upon  the  screen.  But,  if  the  same  quantity  of 
light  is  difiused  over  four  times  the  area,  it  must  be  dUuted  to 
one-fourth  of  its  original  intensity.  Henoe,  l^  douUing  the 
distance  from  the  source  of  lig^t,  we  diminish  tlw  intennty  to 
one-fourth.  By  a  precisely  similar  nx)de  of  experiment,  we 
could  prove  that,  by  trebling  the  distance,  we  HiminUti  the 
intensity  to  one -ninth ;  and  by  quadrupling  the  distance  we 
reduce  the  intensity  to  one-sixteenth :  in  short,  we  thus  de- 
monstrate the  law  that  the  intensity  of  li^t  diminiabeft,  as  the 


square  of  the  distance  increases.    This  is  the  celebrated  law 
of  Inverse  Squares,  as  applied  to  light. 

(336)  But  it  has  been  stated  that  heat  diminishes,  accord- 
ing to  the  same  law.  Observe  the  experiment  which  I  am 
now  about  to  perform  before  you.  Here  is  a  narrow  tin  ves- 
sel, H  N  (fig.  78),  presenting  a  side,  coated  with  lamp-black,  a 
square  yard  in  area.  The  vessel  is  filled  with  hot  water,  which 
converts  this  large  surface  into  a  source  of  radiant  heat,  I 
now  place  the  conical  reflector  on  the  thermo-electric  pile,  p, 
but,  instead  of  permitting  it  to  remain  a  reflector,  I  push  into 
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the  hollow  oone  this  Iming  of  black  paper,  which  fits  exactly, 
and  which,  instead  of  reflecting  any  heat  that  may  fall  obliquely 
on  it,  efiectually  cuts  off  the  oblique  radiation*  The  pile  is  now 
connected  with  the  galvanometer,  and  its  reflector  is  close  to 
the  radiating  surfiaoe,  the  tiioe  of  the  pile  itself  being  about 
BUL  inches  distant  firom  the  surfiEtce. 

(337)  The  needle  of  the  galvanometer  moves ;  it  now  points 
steadily  to  60°,  and  there  it  will  remain  as  long  as  the  tempeiy 
ttore  of  the  radiating  surface  remains  sensibly*  constants  I 
win  now  gradually  withdraw  the  pile  from  the  surfeice,  and 
ask  you  to  observe  the  effect  upon  the  galvanometer.  You 
will  naturally  expect  that,  as  the  pile  is  withdrawn,  the  inten- 
sity of  the  heat  will  diminish,  and  that  the  deflection  of  the 
galvanometer  will  fall,  in  a  corresponding  degree.  The  pile 
is  now  at  double  the  distance,  but  the  needle  does  not  move ; 
at  treble  the  distance,  the  needle  is  still  stationary ;  we  may 
successively  quadruple,  quintuple — ^go  to  ten  times  the  dis- 
tance, but  the  needle  is  rigid  in  its  adherence  to  the  deflection 
of  60°.  There  is,  to  all  app>earance,  no  diminution  at  all  of  in- 
tensity with  the  increase  of  distance. 

(338)  From  this  experiment,  which  might  at  first  sight  ap- 
pear fatal  to  the  law  of  inverse  squares,  as  applied  to  heat, 
Melloni,  in  the  most  ingenious  manner,  proved  the  law.  I 
will  here  follow  his  reasoning.  Imagine  the  hollow  cone  in 
front  of  the  pile  prolonged ;  it  would  cut  the  radiating  surface 
in  a  circle,  and  this  circle  is  the  only  portion  of  that  surface 
whose  rays  can  reach  the  pile.  All  the  other  rays  are  cut  off 
by  the  non-reflecting  lining  of  the  cone.  When  the  pile  is 
moved  to  double  the  distance,  the  section  of  the  cone  pro- 
longed encloses  a  circle  exactly  four  times  the  area  of  the 
former  one;  at  treble  the  distance,  the  radiating  surface  is 
augmented  nine  times ;  at  ten  times  the  distance,  the  radiating 
surface  is  augmented  100  times.  Now,  the  constancy  of  the 
deflection  proves  that  the  augmentation  of  the  surface  must  be 
exactly  neutralized  by  the  diminution  of  the  intensity.  But 
the  radiating  surface  augments  as  the  square  of  the  distance, 
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hence  the  intensity  of  the  heat  must  diminish  as  the  eqaued 
the  distance ;  and  thus  the  experiment^  n^hich  might  at  fink 
sight  appear  ffttal  to  the  law,  demonstrates  that  law  io  the 
most  simple  and  conclusive  manner. 

(338a)  I  have  spoken  of  the  dilution  suffered  bj  li|^ 
when  it  is  diffused  over  a  large  sm&oe.  This,  however,  is  hot 
a  vague  wa j  of  expressing  the  real  £aot  The  diminutioa  of 
intensity  in  the  ease  both  of  light  and  radiant  heat  ii,  ii 
reality,  a  diminution  of  motion.  Elvery  ether-partide,  •§  i 
wave  passes  it,  makes  a  complete  oscillation  to  and  fia  At 
the  two  limits  of  its  excursion  it  is  brought  momentarily  to 
rest ;  midway  between  those  limits  its  velocity  is  a  maiimroi 
Now,  the  intensity  of  the  ligJU  is  proportional  to  the  $qwMrt§f 
this  maximum  velocity.  The  range  of  the  vibration  of  aa 
ether-particle  is  technically  called  its  ixmplUude;  and  theifr 
tensity  of  the  light  is  also  proportional  to  the  square  of  tlie 
amplitude.  It  can  be  proved  that  both  the  maximum  ¥elo<Jtf 
and  the  amplitude  vary  inversely  as  the  distance  from  the  ndi- 
ant  point ;  hence  the  intensity  of  the  light  and  heat  emitted 
by  that  point  must  vary  inversely  as  the  square  of  the  distaooe. 
The  problem  is  one  of  pure  mechanics. 

(339)  Let  us  now  revert  for  a  moment  to  our  fundamental 
conceptions  regarding  radiant  heat.  Its  origin  is  an  osdlli' 
lory  motion  of  the  ultimate  particles  of  matter — a  motion 
taken  up  by  the  ether,  and  propagated,  through  it  in  waves. 
Tlie  particles  of  ether  in  these  w'iives  do  not  oscillate  in  the 
same  manner  as  the  particles  of  air,  in  the  case  of  sound.* 
The  air  particles  move  to  and  fro,  in  the  direction  in  which  the 
sound  travels ;  the  ether-particles  move  to  and  fro,  acrosi  the 
line  in  which  the  light  travels.  The  undulations  of  the  air  are 
longitudinal,  those  of  the  ether  transversal.  The  ether-waves  re- 
semble more  the  ripples  of  water  than  they  do  the  aerial  pulses 
which  produce  sound ;  that  this  is  the  case  has  Ixjen  inferred 
from  optical  phenomena.     But  it  is  manifest  that  the  disturb- 

♦  The  intensity  in  both  cases  varies  in  ocoordanoe  with  the  same  Uw.   5" 
•*  Tyndall  on  Sound,**  p.  11.    Longmans. 
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Buooession,  against  the  pile.  The  hot  gold  surfaoey  you  aeei 
produoes  scarcely  any  deflection ;  the  hot  silver  is  equally  in- 
operative ;  the  same  is  the  case  with  the  copper ;  but^  when 
this  varnished  surface  is  turned  toward  the  pile,  the  gush  of 
heat  becomes  suddenly  so  great  that  the  needle  moves  up  to 
its  stops.  Hence  we  infer  that,  through  some  physical  cause 
or  other,  the  molecides  of  the  varnish,  when  agitated  by  the 
hot  water  within  the  cube,  communicate  more  motion  to  the 
ether  than  do  the  atoms  of  the  metals ;  in  other  words,  the 
varnish  is  a  better  radiator  than  the  metals  are.  A  similar  re- 
sult is  obtained  when  this  silvtf  teapot  is  compared  with  this 
earthen-ware  one ;  both  being  filled  with  boiling  watei^  the 
silver  produces  but  little  eflfect,  while  the  radiation  from  the 
earthen-ware  is  so  copious  as  to  drive  the  needle  up  to  90^ 
Thus,  also,  if  this  pewter  pot  be  compared  with  this  glass 
beaker,  when  both  are  filled  with  hot  water,  the  radiation 
from  the  glass  proves  to  be  much  more  powerful  than  that 
firom  the  pewter. 

(341)  You  have  often  heard  of  the  effect  of  colors  on  radia- 
tioD,  and  heard  a  good  deal,  as  shall  afterward  be  shown,  that 
is  unwarranted  by  experiment.  One  of  the  sides  of  this  cube 
is  coated  with  whiting,  another  with  carmine,  a  third  with 
lamp-black,  while  the  fourth  is  left  uncoatcd.  On  presenting 
the  black  surface  to  the  pile,  the  cube  being  filled  with  boiling 
water,  the  needle  moves  up,  and  now  points  steadily  to  65^. 
The  cube  rests  upon  a  little  turn-table,  and,  by  turning  the 
support,  the  white  face  is  presented  to  the  pile ;  the  needle 
remains  stationaiy,  proving  the  radiation  from  the. white  sur- 
face to  be  just  as  copious  as  that  from  the  black.  When  the 
red  surface  is  turned  toward  the  pile  there  is  no  change  in  the 
position  of  the  needle.  I  now  turn  the  uncoatcd  side ;  the 
needle  instantly  falls,  proving  the  inferiority  of  the  metallic 
surface  as  a  radiator.  Precisely  the  same  experiments  may  be 
repeated  with  this  cube,  the  sides  of  which  are  covered  with 
velvet ;  one  face  with  black,  another  with  white,  and  a  third 
h  red.    The  three  velvet  surfaces  radiate  alike,  while  the 
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mked  vartuoe  ndiatefl  leas  tbmn  any  of  them.  These  expeiir 
ments  show  tliat  the  ndiation  fiom  the  dothes  which  oover 
the  human  bodjr  is  independent  of  their  color ;  that  of  an  an- 
imal^s  far  being  equally  incompetent  to  influence  the  radiation. 
Tliese  are  the  conclusions  arrived  at  by  Melloni  far  obscure 
heoL  We  shall  subsequently  push  the  investigation  of  this 
subject  much  beyond  the  point,  at  which  Melloni  left  iU 

(342)  Now,  if  the  coated  surface  in  the  foregoing  experi- 
ments oommunicates  more  motion  to  the  ether  than  the  un- 
coated  one,  it  necessarily  follows  that  the  coated  vessel  will 
cool  more  quickly  than  the  unooated  one;  Here  are  two  cubes, 
one  of  which  is  covered  with  lamp-lack,  while  the  other  is 
bright^  Three-quarters  of  aa  hour  ago  boiling  water  was 
poured  into  these  vessels,  a  thermometer  being  placed  in  each 
of  them.  Both  thermometers  then  showed  the  same  temperature, 
but  now  one  of  them  is  two  degrees  below  the  other,  the  ves- 
sel which  has  cooled  most  rapidly  being  the  coated  one.  Here 
are  two  vessels,  one  of  which  is  bright,  and  the  other  closely 
coated  with  flanneL  Half  an  hour  ago  two  thermometers, 
plunged  in  these  vessels,  showed  the  same  temperature,  but 
the  covered  vessel  has  now  a  temperature  two  or  three  degrees 
lower  than  the  naked  one.  It  is  not  unusual  to  preserve  the 
heat  of  teapots  by  a  woollen  covering,  but  the  '*  cosey  "  must 
fit  very  closely.  A  dosely-fitting  cosey,  which  has  the  heat  of 
the  teapot  freely  imparted  to  it  by  contact,  would,  as  we  have 
seen,  promote  the  loss  which  it  is  intended  to  diminish,  and 
thus  do  more  harm  than  good. 

(343)  One  of  the  most  interesting  points  connected  with 
this  subject  is  the  reciprocity  which  exists  between  the  power 
of  a  body  to  communicate  motion  to  the  ether,  or  to  radiate ; 
and  its  power  to  accept  motion  from  the  ether,  or  to  absorb. 
As  regards  radiation,  we  have  already  compared  lamp-black 
and  whiting  with  metallic  surfiEices :  we  will  now  compare  the 
same  substances  with  reference  to  their  powers  of  absorption. 
Of  these  two  sheets  of  tin,  h  n,  o  p  (fig.  80),  one,  o  p,  is 
coated  with  whiting,  and  the  other,  h  n,  left  uncoated ;  I 
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place  tbem  thus  panllel  to  eadi  other,  and  «t  a  distaooe  of 
about  two  feet  aaimder.  To  the  edge  of  eacli  sheet  is  soldered 
a  screw,  and  from  one  sbeetto  the  other  is  stratdied  a  ooppcr 


wire,  a  b.  At  the  back  of  each  sheet  is  soldercd  one  end  of 
a  little  bar  of  bismuth,  to  the  other  end,  e,  of  which  a  wire  is 
attached,  atid  terminating  by  a  binding  screw.  With  these 
two  binding  screws  are  connected  the  two  ends  of  the  wire, 
coming  Irom  the  galvanometer  beyond  a,  and  you  observe 
that  we  have  now  an  unbroken  circuit,  in  which  the  galvar 
nometcr  is  included.  You  know  already  what  the  bismuth  bars 
are  intended  for.  Whea  the  warm  finger  is  placed  on  this 
left-hand  one,  a  current  is  immediately  developed,  which  passes 
from  the  bismuth  to  the  tin,  thence  through  the  wire  connect- 
ing the  two  sheets,  thence  round  the  galvanometer,  and  back 
to  the  point  from  which  it  started.  The  needle  of  the  gal- 
vanometer moves  through  a  large  arc ;  the  red  end  goiug  tow- 
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aid  yon.  I  now  place  my  finger  apon  the  bismuth  at  the 
back  of  the  other  plate;  a  large  deflection  in  the  opposite  di- 
rection 18  the  consequence.  When  the  finger  is  withdrawn, 
the  junction  cods,  and  once  more  the  needle  sinks  to  zero. 

(344)  Exactly  midway  between  the  two  sheets  of  tin  is 
set  a  stand,  on  which  is  placed  a  heated  copper  ball ;  the  ball 
radiates  against  both  sheets :  on  the  right,  however,  the  rays 
strike  upon  a  coated  8ur£EU)e,  while  on  the  left  they  strike 
upon  a  naked  metallic  one.  If  both  surfiuses  absorbed  equally 
the  radiant  heat — ^if  both  accepted  with  equal  fireedom  the 
motion  of  the  ethereal  waves — ^the  bismuth  junctions  at  the 
badcs  would  be  equally  warmed,  and  one  of  tiiem  would  neu- 
tralize the  other.  But,  if  one  sur&oe  be  a  more  powerful  ab- 
sorber than  the  other,  a.  deflection  of  the  galvanometer  needle 
will  be  the  consequence,  and  the  direction  of  the  deflection 
will  tell  us  which  is  the  best  absorber.  The  ball  is  now  upon 
the  stand,  and  the  prompt  and  energetic  deflection  of  the  needle 
iufonns  us  that  the  coated  surface  is  the  most  powerful  absorber. 
In  the  same  way  I  compare  lamp-black  and  varnish  with  tin, 
and  find  the  two  formei  to  be  by  far  the  best  absorbers. 

(345)  The  thinnest  metallic  coating  furnishes  a  powerful 
defence  against  the  absorption  of  radiant  he&U  The  back  of 
this  sheet  of  "gold-paper" — the  gold  being  merely  copper  re- 
duced to  great  tenuity — ^is  coated  with  the  red  iodide  of  mer- 
cury. This  iodide,  as  many  of  you  know,  has  its  red  color  dis- 
charged by  heat,  the  powder  becoming  a  pale  yellow.  I  lay 
the  paper  flat  on  a  board,  with  the  colored  surface  downward : 
on  its  upper  metallic  surface  are  pasted  pieces  of  paper  so  as 
to  form  a  complicated  pattern.  I  now  pass  a  red-hot  spatula 
several  times  over  the  sheet;  the  spatula  radiates  strongly 
against  the  sheet,  but  its  rays  are  absorbed  in  very  diflerent 
degrees.  Tlie  metallic  surface  absorbs  but  little ;  the  paper 
surfiices  absorb  greedily ;  and,  on  turning  up  the  sheet,  you 
see  that  the  iodide  underneath  the  metallic  portion  is  perfect- 
ly unchanged,  while  under  eveiy  bit  of  paper  the  color  is  dis- 
diarged*    An  exact  copy  of  the  figures  pasted  on  the  opposite 
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Bur&ce  of  tbe  sheet  is  thus  fanned.  For  iDotbor 
the  same  Idtid,  I  «n  indebted  to  Mr.  HilL  A  fire  i 
agaiost  tbia  punted  piece  of  wood  {fig.81),<n  viii 
_^  ^  ber  338  w«8  printed  i 

letten ;  the  punt  u  b 
cbsired  kll  round  the  let 
derneub  tbe  letten  tl 
pAint  u«  quite  matk 
thin  fiim  of  gold  has 
sufficient  to  prevent 
ti(Hi,  to  which  the  de 
tbe  Burrounding  sur&c 
(346)  The  luminif 
fills  stellar  sfwce ;  it 
univeree  a  whole,  and  renders  possible  the  intenxn: 
of  light  and  energy  between  star  and  star.  Bti 
substance  penetrates  farther ;  it  surrounds  the  re 
solid  and  liquid  substances.  Transparent  bodies  i 
cause  the  ether  and  the  atoms  of  such  bodies  are  t 
each  other,  that  the  wares  which  cxcile  light  can  p 
them  without  transferring  their  motion  to  tbe  atoi 
orcd  bodiefi,  certain  wares  are  absorbed  ;  but  t 
gire  the  body  its  color  pass  without  absorption.  1 
solution  of  sulphate  of  copper,  for  example,  the 
speed  unimpeded,  while  tbe  red  wares  are  deslroyi 
iant  spectrum  is  now  formed  upon  the  screen  i 
beam  is  sent  through  this  solution,  the  red  end ' 
trum  is  cut  away.  Tliia  piece  of  red  glass,  on  tl 
owes  its  color  to  the  fact  that  its  substance  can  1 
freely  by  the  longer  undulations  of  red,  while 
waves  arc  absorbed.  Placed  in  the  path  of  the  lig 
nierety  a  virid  red  bund  upon  the  screen.  This 
then,  euls  off  the  rays  transmitted  by  the  red  gla 
1  glass  cuts  off  those  transmitted  by  the  liqi 
I  of  both  we  ought  to  hare  perfect  opacity, 
When  both  are  placed  in  the  path  of  the  beai 
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^lecinim  diaappean ;  the  unkm  of  the  two  partially  transparent 
bodies  pfodnoiiig  an  opacity,  equal  to  that  of  pitch  or  metaL 

(847)  A  solution  of  the  pennanganate  of  potash  placed  in  the 
path  of  the  beam  pennits  the  two  ends  of  the  spectrum  to  pass 
body  through ;  you  haye  tiie  red  and  the  blue,  but  between 
both  a  space  of  intense  blackness.  The  yellow  of  the  spec- 
Iram  Is  pitilessly  destroyed  by  this  liquid ;  among  its  atoms 
those  yellow  rays  cannot  pass,  while  the  red  and  the  blue  get 
duougfa  the  interatomic  spaces,  without  sensible  hinderance. 
And  hence  the  gorgeous  color  of  this  liquid.  Turning  the 
Ismp  round,  and  projecting  a  disk  of  light  twofeet  in  diameter 
upon  the  screen,  I  introduce  this  liquid.  Can  any  thing 
be  more  splendid  than  the  color  of  that  disk  ?  I  turn  the  lamp 
obliquely,  and  introduce  a  prism ;  the  violet  component  of  that 
beautifiil  c<dor  has  slidden  away  from  the  red.  You  see  two 
definite  disks  of  these  two  colors  which  overlap  in  the  centre, 
tnd  exhibit  there  the  tint  of  the  composite  light  which  passes 
through  the  liquid. 

(348)  Thus,  as  regards  the  waves  of  light,  bodies  exercise, 
IS  it  were,  an  elective  power,  singling  out  certain  waves  for 
iestruction,  and  permitting  others  to  pass.  Transparency  to 
waves  of  one  length  does  not  at  all  imply  transparency  to 
waves  of  another  length,  and  from  this  we  might  reasonably 
infer  that  transparency  to  light  does  not  necessarily  imply 
transparency  to  radiant  heat.  This  conclusion  is  entirely  veri- 
fied by  experiment.  This  tin  screen,  h  k  (fig.  82),  is  pierced 
by  an  aperture,  behind  which  is  soldered  a  small  stand  s.  I  place 
this  copper  ball,  b,  heated  to  dull  redness,  on  a  proper  stand, 
it  one  side  of  the  screen.  At  the  other  side  is  placed  the 
thermo-electric  pile,p;  the  rays  from  the  ball  now  pass 
through  the  aperture  in  the  screen  and  fall  upon  the  pile — the 
needle  moves,  and  finally  comes  to  rest  with  a  steady  deflec- 
tion of  80^.  I  place  this  glass  cell,  a  quarter  of  an  inch  wide, 
illed  with  distilled  water,  on  the  stand  s,  so  that  all  rajs 
reaching  the  pile  must  pass  through  the  water.  What  takes 
place?    The  needle  steadily  sinks  to  zero;   scarcely  a  ray 
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dK  hall  CBS  <ni  the  water;  to  the  imdulaticMiB 
Ae  ten  Ac  w«ter  ii  practimlly  opaque,  thon^  M  4 
sBMuentothenTSof  light.    Befbre  remonng  I 


oeR  i>f  v^it^r.  I  phoe  behind  it  a  nmilor  cell,  contsimng 
puvnt  luMtiphiile  of  atrbon  ;  ao  that  now,  when  the  watered 
is  t«DO«vd,  the  aperture  is  stiU  haired  by  the  new  UqaA 
^Vaal  oonm?  The  needle  promptly  mores  upward,  and  ' 
skTibes  a  lanie  arc;  bo  that  theself-eame  rays  which  found  tk* 
watef  impenetnUe,  find  easy  accefls  throitgfa  the  tnmlphi'* 
of  ovboo.  In  the  same  way,  when  alcohol  is  compared  «i& 
chlMride  of  phosphorus.,  we  find  the  Immer  almost  opaque  to  Ibe 
m-«  emitted  by  our  warm  ball,  while  the  latter  pennits  IhM 
to  pass  fteely. 

0t^)  So,  abo,  as  regards  solid  bodies,  litis  piste  ef 
nrr  pore  glass  is  now  placed  on  the  etaod,  between  the  ]dt 
and  this  enbe  of  hot  water.  Ho  movement  of  the  needle  ti 
pore^lible-  I  now  disi^aoe  the  plate  of  glass  by  a  plate  a 
n^-sall  of  ten  times  the  thickness ;  you  see  how  pomptlT 
the  needle  mores,  until  arrested  by  its  stops.  To  these  ItJ^ 
then,  rodc-salt  is  eminently  transparent,  while  glass  is  pcM^ 
cally  opaque  to  them. 
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(350)  For  these,  and  numberless  similar  results,  we  are 
ideated  to  Melloni,  who  may  be  almost  regarded  as  the  crea- 
or  of  this  branch  of  our  subject.  To  express  the  power  of 
nmsmitting  radiant  heat,  he  proposed  the  word  diathermancf/, 
)i&thermancj  bears  the  same  relation  to  radiant  heat  that 
kinsparencj  does  to  light.  Instead  of  giving  you,  at  this 
itage  of  our  inquiries,  determinations  of  my  own  of  the  dia- 
ftemiaDcy  of  solids  and  liquids,  I  will  make  a  selection  from  the 
tibles  of  the  eminent  Italian  philosopher  just  referred  to.  In 
these  determinations,  Melloni  uses  four  different  sources  of 
kit:  the  flame  of  a  Locatelli  lamp;  a  spiral  platinum  wire, 
kept  incandescent  by  the  flame  of  an  alcohol-lamp ;  a  plate  of 
sopper  heated  to  400°  Cent,  and  a  plate  of  copper  heated  to 
00°  Cent.,  the  last-mentioned  source  being  the  surface  of  a 
opper  tube,  containing  boiling  water.  The  experiments  were 
lade  in  the  following  manner:  First,  the  radiation  of  the 
)urce,  that  is  to  say  the  galvanometric  deflection  produced  by 
,  was  determined,  when  nothing  but  air  intervened  between 
le  source  of  heat  and  the  pile.  This  deflection  expressed  the 
ital  radiation.  Then  the  substance  whose  diathermancy  was 
I  be  examined  was  introduced,  and  the  consequent  deflection 
)ted ;  this  deflection  expressed  the  quantity  of  heat  transmit- 
d  by  the  substance.  Calling  the  total  radiation  100,  the 
roportionate  quantities  transmitted  by  twenty-five  diflerent 
ibstances  are  given  in  the  table  on  the  following  page. 

(351)  This  table  shows,  in  the  first  place,  what  very  dif- 
?rent  tninsmissive  powers  different  solid  bodies  possess.  It 
lows  us  also  that,  with  a  single  exception,  the  diathermancy 
f  the  bodies  mentioned  varies  witli  the  quality  of  the  heat, 
lock-salt,  only,  is  equally  transparent  to  heat  from  the  four 
)urces.  It  must  here  be  borne  in  mind  that  the  liuninous 
lys  are  also  calorific  rays ;  that  the  self-same  ray,  falling  upon 
le  nerve  of  vision,  produces  the  impression  of  light ;  while, 
npinging  upon  other  nerves  of  the  body,  it  produces  the  im- 
ression  of  heat.     The  luminous  calorific  rays  have,  however, 

shorter  wave-length  than  the  obscure  calorific  rays;  and, 
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NftiDM  of  BabtUac6S— rednoad  to  « 

oommoa  thickneat  of  i^th  of  aa  Inch 

(S-6  miUlms.). 


1  Rook-flftlt 

2  Sicilian  sulphur 

8  Fluor-spar 

4  Beryl 

5  Iceland  spar 

6  Glass 

7  Rock-crystal  (clear). . . . , 

8  Smoky  quartz. , 

9  Chromate  of  potash. . . . , 

10  White  topai 

1 1  Carbonate  of  lead , 

12  Sulphate  of  baryta.. . . . . 

IS  Felspar 

14  Amethyst  (violet) 

15  Artificial  amber 

16  Borate  of  soda 

17  Tourmaline  (deep  green) 

18  Common  gum 

19  Selenite 

20  Citric  acid 

21  Tartrate  of  potash 

22  Natural  amber 

23  Alum 

24  Sugar-candy 

25  Ice 


TViuimniwHlona;  percentagv  of  tho  talri 


Looatem 
lamp. 


92-8 

74 

7a 

54 
39 
89 
88 
87 
84 
88 
82 
24 
28 
21 
21 
18 
18 
18 
14 
11 
11 
11 

9 

8 

6 


Incan- 

deaeent 

plaHnnm. 


928 

77 

69 

28 

28 

24 

28 

28 

28 

24 

23 

18 

19 

9 

5 
12 
16 

3 

5 

2 

8 

5 

2 

1 

0-5 


^sr" 


c. 


92-8 
60 
42 
18 

6 

6 

6 

6 
15 

4 

4 

8 

6 

2 

0 

8 

3 

0 

0 

0 

0 

0 

0 

0 

0 


"mi 


9M 

M 
SI 

0  . 

0 

0 

t 
s 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

u 
o 

0 


knowing,  as  we  do,  how  differently  waves  of  difierent  lengtbs 
are  absorbed  bj  bodies,  we  are  in  a  measure  prepared  for  the 
results  of  the  foregoing  table.     Thus,  while  glass  of  the  thick- 
ness specified  permits  39  per  cent,  of  the  rays  of  LocateDTs 
lamp,  and  24  per  cent,  of  the  rays  from  the  incandescent  plat* 
inum  to  pass,  it  transmits  only  6  per  cent,  of  the  rays  from  t 
source  of  400°  C,  while  it  is  absolutely  opaque  to  all  isj» 
emitted  from  a  source  of  100°  C.     We  also  see  that  liquid  ice, 
so  highly  transparent  to  light,  transmits  only  6  per  cent  of 
the  rays  of  the  lamp,  and  0.5  per  cent,  of  the  rays  of  the  b* 
candescent  platinum,  while  it  cuts  off  all  rays  issuing  from  the 
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NaiDM  of  LiquidB;  thickiMM,  0-86 in 

10  Iljdnte  of  ammonU 

1 1  Nitric  acid 

12  Abeoldtc  alcohol 
18  Hjdrate  of  potash 
14  Acetic  add  . 
16  Pyroligneoos  acid 
16  Conooitrated  solution  of  sugar 
17-  Solation  of  roclt-salt     . 

18  White  of  egg 

19  DistUled  water  . 


15 

IS 

16 

It 

If 

It 

18 

It 

11 

11 


are  given.  The  source  of  heat  was  an  Argand  lamp,  funuahed 
with  a  glass  chimney,  and  the  liquids  were  enclosed  in  a  oeD 
with  glass  sides,  the  thickness  of  the  liquid  layer  being  Oil 
millimetres,  or  0*36  of  an  inch.  Liquids  are  here  shown  to  be 
as  diverse  in  their  powers  of  transmission  as  solids;  and  it  is 
also  worthy  of  remark,  that  water  maintains  its  position  as 
regards  opacity,  notwithstanding  the  change  in  its  state  of 
aggregation. 

(354)  The  reciprocity,  which  we  have  already  demonsiarsted 
between  radiation  and  absorption,  in  the  case  of  metals,  TS^ 
nishes,  etc.,  may  now  be  extended  to  the  bodies  contained  in 
Melloni's  tables.     One  or  two  illustrations,  borrowed  from  an 
extremely  suggestive  memoir  by  Mr.  Balfour  Stewart,  will  be 
sufficient     In  this  copper  vessel  water  is  kept  in  a  state  of 
gentle  ebullition.     On  the  flat  copper  lid  of  the  vessel  are  laid 
plates  of  glass  and  of  rock-salt,  until  they  assume  the  tem- 
perature of  the  lid.     When  the  plate  of  heated  rock-salt  is 
fixed  upon  a  stand,  in  front  of  the  thermo-electric  pile,  the  de- 
flection produced  is  so  small  as  to  be  scarcely  sensible.     Re- 
moving the  rock-salt,  I  put  in  its  place  a  plate  of  heated  glass; 
the  needle  moves  through  a  large  arc,  thus  conclusively  show- 
ing that  the  glass,  which  is  the  more  powerful  absorber  of 
obscure  heat,  is  also  the  more  powerful  radiator.     Alum,  un- 
"tunately,  melts  at  a  temperature  lower  than  that  here  made 
of;  but,  though  its  temperature  is  not  so  high  as  that  of 
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the  glass,  you  can  see  that  it  transcends  the  glass  as  a  radi- 
itor ;  the  action  on  the  galvanometer  is  still  more  energetic 
than  in  the  last  experiment. 

(355)  Absorption  takes  place  witJUn  the  absorbing  body ; 
a  certain  thickness  being  requisite  to  effect  the  absorption. 
This  is  true  of  both  light  and  radiant  heat.  A  very  thin 
stratum  of  pale  ale  is  almost  as  colorless  as  a  stratum  of  water, 
the  absorption  being  too  inconsiderable  to  produce  the  de- 
cided tint  which  larger  masses  of  the  ale  exhibit.  When  dis- 
tilled water  is  poured  into  a  drinking^lass,  it  exhibits  no 
trace  of  color ;  but  an  experiment  is  here  arranged  which  will 
show  you  that  this  pellucid  liquid,  in  sufficient  thickness,  has 
m  very  decided  color.    This  tube  a  b  (fig.  83),  fifteen  feet  long. 


TiQ.  68. 


is  placed  horizontally,  its  ends  being  stopped  by  pieces  of 
plate-glass.  At  one  end  of  the  tube  stands  an  electric  lamp, 
L,  from  which  a  cylinder  of  light  will  be  sent  through  the 
tube.  It  is  now  half  filled  with  water,  the  upper  surface  of 
which  cuts  the  tube  in  two  equal  parts  horizontally.  Thus, 
half  of  the  beam  is  sent  through  air,  and  half  through  water, 
and  with  this  lens,  c,  a  magnified  image  of  the  adjacent  end 
of  the  tube  is  projected  on  the  screen.  You  now  see  the 
image,  o  p,  composed  of  two  semicircles,  one  of  which  is 
formed  by  the  light  which  has  passed  through  the  water,  the 
other  the  light  which  has  passed  through  the  air.  Phiced 
thus,  side  by  side,  you  can  compare  them,  and  you  notice  that, 
while  the  air  semicircle  is  a  pure  white,  the  water  semicircle 
12 
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is  a  bright  and  delicate  blue-green.    Thus,  by  augmentiiig  the 
thickness  through  which  the  li^t  has  to  pass,  we  deepen  tbe 
color ;  this  proves  that  the  destruction  of  the  ligfatHrajs  take^ 
place  within  the  absorbing  body,  and  that  it  is  not  an  efiect 
of  surfiEtce  merely. 

(356)  Melloni  shows  the  same  to  be  true  of  radiant  beat 
In  his  experiments,  already  recorded  at  page  26^  the  Hiick- 
ness  of  the  plates  used  was  2*6  millimetres,  but,  by  rendering 
the  plate  thinner,  we  enable  a  greater  quantity  of  heat  to  get 
through  it,  and,  by  rendering  a  very  opaque  substance  8u£S- 
cicntly  thin,  we  may  almost  reach  the  transmission  of  rodc- 
salt  The  following  table  shows  the  influence  of  thickneai  on 
the  transmissive  power  of  a  plate  of  glass : 


ThIcknoM  of 

PUt«>4i  in  mllU- 

inotrot. 

TnuiaminrioDs  hj  OIbm  of  diflbrent  thickneoaes:  pcroeativt 
ofthetoUlBadUtion. 

Locfttolli  Lamp. 

t 

Incandescent 
Flatlnuin. 

Copper  at  400«C. 

Copper  at  100*  C 

2-6 
0-5 
007 

39 
54 

77 

24 
37 
67 

6      . 
12 
34 

■  1 

12 

(357)  Thus,  we  sec  that,  by  diminishing  the  thickness  of 
the  plate  from  2*6  to  0*07  millimetres,  the  quantity  of  heat 
transmitted  rises,  in  the  case  of  the  lamp  of  Locatclli,  from  39 
to  77  per  cent. ;  in  the  case  of  the  incandescent  platinum, 


ThifiknAM  of 

PluU^ii  in  milU 

inotres. 

TranamiaslonB  by  Selenlte  of  different  tUdcnesaea :  peroeatage 

of  the  total  BadiaUdL 

Locatclli  Larap. 

14 
38 
64 

Incandoacent 
Platinum. 

Copper  at  400O  C. 

Copped  at  100*0. 

2ri 
0  4 
0-01 

• 

6 
18 
61 

0 

7 

82 

0 

0 

21 

• 
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from  24  .to  57  per  cent. ;  in  the  case  of  copper  at  400°  C«, 
from  6  to  34  per  cent ;  and  in  the  case  of  copper  at  100°  C, 
from  absolute  opacity  to  a  transmission  of  12  per  cent. 

(358)  The  influence  of  the  thickness  of  a  plate  of  selenite 
on  the  quantity  of  heat  which  it  transmits  is  exhibited  in  the 
forgoing  table.  These  experiments  prove  conclusively  that 
the  absorption  of  heat  takes  place  within  the  body,  and  is  not 
a  surface  action. 

(359)  The  decomposition  of  the  solar  beam  produces  the 
solar  spectrum ;  luminous  in  the  centre,  calorific  at  one  end, 
and  chemical  at  the  other.     The  sun  is,  therefore,  a  source  of 
heterogeneous  rays,  and  there  can  scarcely  be  a  doubt  that 
most  other  sources  of  heat,  luminous  and  obscure,  partake  of 
this  heterogeneity.     In  general,  when  such  mixed  rays  enter 
a  diathermic  substance,  some    are   intercepted,  others  per- 
mitted to  pass.     Supposing,  then,  that  we  take  a  sheaf  of 
calorific  rays,  which  have  already  passed  through  a  diathermic 
plate,  and  permit  them  to  fall  upon  a  second  plate  of  the  same 
material,  the  transparency  of  this  second  plate  to  the  heat  in- 
cident upon  it  must  be  greater  than  the  transparency  of  the 
first  plate  to  the  heat  incident  on  it     The  first  plate,  if  suf- 
ficiently thick,  has  already  extinguished,  in   great  part,  the 
rays  which  the  substance  is  capable  of  absorbing;    and  the 
residual  rays,  as  a  matter  of  course,  pass  freely  through  a  sec- 
ond plate  of  the  same  substance.     The  original  beam  is  sifted 
by  the  first  plate,  and  the  purified  beam  possesses,  for  the  same 
substance,  a  higher  penetrative  power  than  the  original  beam. 

(360)  This  power  of  penetration  has  usually  been  taken  as 
a  test  of  the  quality  of  heat ;  the  heat  of  the  purified  beam 
is  said  to  be  different  in  quality  from  that  of  the  unpurifittd 
b(;am.  It  is  not,  however,  that  any  individual  ray  or  wave 
has  changed  its  character,  but  that  from  the  beam,  as  a  whole, 
certain  components  have  been  withdrawn  ;  and  that  this  with- 
dniwal  has  altered  the  proportion  of  the  incident  heat  trans- 
mitted by  a  second  substance.  Tins  is  the  true  meaning  of 
the  term  "  quality,"  as  apj)lied  to  radiant  heat.     In  the  path 
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of  the  beam  from  a  lamp,  let  plates  of  rodc-«alt,  alnm,  U- 
cliromate  of  potash,  and  selenite,  be  suooeastvely  plaoed,  eidi 
plate  2 '6  millimetres  iu  thickiiess :  let  the  heat  emergent  from 
these  respective  plates  £all  upon  a  second  series  of  the  same 
thickness ;  out  of  evexy  hundred  units  of  this  heat  the  follow- 
ing proportions  are  transmitted : 

Rock-Milt         ......  9S*S 

Alum  ......  90 

Chromate  of  potaflli    ...  .  .  71 

Svlvnitc      ......  91 

(3G1)  Referring  to  the  table,  p.  262,  we  find  that,  of  tk 
whole  heut  emitted  bj  the  Locatelli  lamp,  only  34  per  cent  is 
transmitted  by  the  chromate  of  potash ;  here  we  find  the  po>- 
centage  71.     Of  the  entire  radiation,  selenite  transmits  only 
14  i)cr  cent,  but  of  the  beam  which  has  been  purified  by  t 
pliite  of  its  own  substance,  it  transmits  91  per  cent.    The 
same  remark  applies  to  the  alum,  which  transmits  only  9  per 
cent,  of  the  unpurified  beam,  and  90  per  cent,  of  the  pim6ed 
beam.     In  rock-salt,  on   the   contrary,  the  transmissions  of 
the  sifted  and  unsifted  beam  are  the  same,  because  the  sub- 
stance is  sensibly  equally  transparent  to  rays  of  all  the  quali- 
ties here   employed.     In  these  cases  I  have   supposed  the 
Ix'ain  emergent  from  rock-salt  to  pass  through  rock-salt ;  the 
Ix'ain  emergent  from  alum  to  pass  through  alum,  and  so  of  the 
otliers  ;  but,  as  might  be  expected,  the  sifting  of  the  beam  by 
any  substance  will  alter  the  proportion  in  which  it  will  be 
transmitted  by  almost  any  other  second  substance. 

(3G2)  I  will  conclude  these  observations  with  an  experi- 
ment, which  will  show  you  the  influence  of  sifting,  in  a  very 
striking  manner.  Here  is  a  sensitive  differential  air-thermom- 
eter with  a  clean  glass  bulb.  The  slightest  touch  of  my  hand 
causes  a  depression  of  the  tliermometric  column.  Let  us  now 
conv(*rge  the  powerful  beam  of  our  electric  lamp  on  the  bulb 
of  that  tliernioineter.  The  focus  falls  directly  on  the  bulb, 
and  the  air  within  it  is  traversed  by  a  beam  of  intense  power; 
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but  not  the  slightest  depression  of  the  thermometric  column 
11  discernible.  When  this  experiment  was  first  shown  to  a 
person  here  present,  he  almost  ddubted  the  evidence  of  his 
senses ;  but  the  explanation  is  simple.  The  beam,  before  it 
reaches  the  bulb,  is  already  sifted  by  the  glass  lens  used  to 
concentrate  it ;  and,  haying  passed  through  12  or  14  feet  of 
air,  it  contains  no  constituent,  which  can  be  sensibly  absorbed 
by  the  air  within  the  bulb.  Hence,  the  hot  beam  passes 
through  both  air  and  glass,  without  warming  either.  It  is 
competent,  however,  to  warm  the  thermo-electric  pile  whose 
exposure  to  it,  for  a  single  instant,  suffices  to  drive  the  needle 
violently  aside.  I  now  coat  with  lamp-black  the  portion  of 
the  glass  bulb  struck  by  the  beam ;  you  see  the  effect :  the 
heat  is  now  absorbed,  the  air  expands,  and  the  thermometric 
column  is  forcibly  depressed. 

(363)  We  use  glass  fire-screens,  which  allow  the  pleasant 
light  of  the  fire  to  pass,  while  they  cut  off  the  heat ;  the  rea- 
son is,  that  by  fieir  the  greater  part  of  the  heat  emitted  by  a 
fire  is  obscure,  and  to  this  the  glass  is  opaque.  But  in  no 
case  is  there  any  loss.  The  heat  absorbed  by  the  glass  warms 
it ;  the  motion  of  the  ethereal  waves  is  here  transferred  to  the 
molecules  of  the  solid  body.  But  you  may  be  inclined  to 
urge  that,  under  these  circumstances,  the  glass  itself  ought  to 
become  a  source  of  heat,  and  that,  therefore,  we  ought  to  de- 
rive no  benefit  from  the  absorption.  The  fact  is  so,  but  the 
conclusion  is  unwarranted.  The  philosophy  of  the  screen  is 
this :  Let  f  (fig.  84)  be  a  point  of  a  fire,  from  which  the  rays 
proceed  in  straight  lines,  toward  a  person  at  p.  Before  the 
screen  is  introduced,  each  ray  pursues  its  coiu^e  direct  to  p ; 
but  now  let  a  screen  be  placed  at  s.  The  screen  intercepts 
the  heat,  and  becomes  warmed ;  but,  instead  of  sending  on  the 
rays  in  their  original  direction  only,  it,  as  a  warm  body,  emits 
them  ifi  all  directions.  Hence,  it  cannot  transmit  to  the  per- 
son at  p  all  the  heat  intercepted.  A  portion  of  the  heat  is  re- 
stored, but  by  far  the  greater  part  is  diverted  from  p,  and  dis- 
tributed in  other  directions. 
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(364)  Where  the  waves  pursue  their  waj  unabsoibed,  w 
motion  of  heat  is  imparted,  as  we  have  seen  in  tbecase  of  tlie 
aii^thermometer.    A  joint  of  meat  might  be  roasted  before  i 


Fig.  64. 


fire,  the  air  around  the  joint  being  cold  as  ice.    The  air  os 
high  mountains  may  be  intensely  cold,  while  a  burning  sun  is 
overhead  ;  the  solar  rays  which,  striking  on  the  human  sldB, 
arc  almost  intolerable,  are  incompetent  to  heat  the  air  flea* 
sibly,  and  we  have  only  to  withdraw  into  perfect  shade  to  fed 
the  chill  of  the  atmosphere.     I  never,  on  any  occasion,  sot* 
fcred  so  much  ^m  solar  heat  as  in  descending  from  the  ''Co^ 
ridor  "  to  the  Grrand  Plateau  of  Mont  Blanc,  on  August  13, 
1857;  though  my  companion  and  myself  were  at  the  time 
hip-deep  in  snow,  the  sun  blazed  against  us  in  unendurable 
power.     Immersion  in  the  shadow  of  the  D6me  du  (JoCt^  at 
once  changed  my  feelings ;  for  here  the  air  was  at  a  freezing 
temperature.     It  was  not,  however,  sensibly  colder  than  the 
ajr  through  which  the  sunbeams  passed ;  and  we  suffered,  not 
from  the  contact  of  hot  air,  but  from  radiant  heat,  which  had 
reached  us  through  an  icy  cold  medium. 

(365)  The  beams  of  the  sun  penetrate  glass  without  sen- 
sibly heating  it ;  the  reason  is,  that,  having  passed  through 
our  atmosphere,  the  heat  has  been  in  a  great  measure  de- 
prived of  those  constituents  liable  to  be  absorbed  by  ^^ 
An  experiment  was  made  on  a  former  occasion,  which  you 
will  now  completely  understand.     A  beain  was  sent  from  the 
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electric  lamp  through  a  plate  of  ice  without  melting  it.     The 
beam  had  been  previously  sifted  by  sending  it  through  a  ves- 
sel of  water,  in  which  the  heat,  capable  of  being  absorbed  by 
the  ice,  was  lodged,  and  lodged  so  copiously  that  the  water 
was  raised  almost  to  the  boiling-point  during  the  experiment. 
It  is  here  worthy  of  remark,  that  the  liquid  water  and  the 
solid  ice  appear  to  be  pervious  and  impervious  to  the  same 
fays ;  the  one  may  be  used  as  a  sieve  for  the  other :  a  result 
which  indicates  that  the  quality  of  the  absorption  is  not  in- 
fluenced, in  this  case,  by  the  difference  of  aggregation.    It  is 
easy  to  prove  that  the  beam  which  has  traversed  ice  without 
melting  it  is  really  a  calorific  beam«     Allowing  it  to  fidl  upon 
our  thermo-electric  pile,  it  causes  iiie  needle  to  move  with 
energy  to  its  stops. 

(366)  When  the  calorific  waves  are  intercepted,  they,  as  a 
general  rule,  raise  the  temperative  of  the  body  by  which  they 
are  absorbed ;  but,  when  the  absorbing  body  is  ice,  at  a  tem- 
perature of  32^  Fahr.,  it  is  impossible  to  raise  its  temperature. 
How,  then,  does  the  beat  absorbed  by  the  ice  employ  itself? 
It  produces  internal  liquefaction,  it  takes  down  the  crystalline 
atoms,  and  thus  forms  those  lovely  liquid  flowers  shown  to  you 
on  a  former  occasion. 

(367)  We  have  seen  that  transparency  is  not  at  all  a  test 
of  diathermancy ;  that  a  body,  highly  transparent  to  the  lumi- 
nous undulations,  may  be  highly  opaque  to  the  non-luminous 
ones.  A  body  may,  as  we  have  seen,  be  absolutely  opaque  to 
light,  and  still,  in  a  considerable  degree,  transparent  to  heat. 
Here  is  another  example  of  the  same  kind.  The  convergent 
beam  of  the  electric  lamp  now  marks  its  course  through  the 
dust  of  the  room :  you  see  the  point  of  convergence  of  the 
beam,  at  a  distance  of  fifteen  feet  from  the  lamp.  Let  us  mark 
that  point  accurately.  This  plate  of  rock-salt  is  coated  so 
thickly  with  soot  that  the  light,  not  only  of  every  gas-lamp  in 
this  room,  but  the  electric  light  itself,  is  cut  off  by  it.  When 
this  plate  of  smoked  salt  is  placed  in  the  path  of  the  beam, 
the  light  is  intercepted,  but  the  mark  enables  me  to  find  the 
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place  where  the  focus  fell.  I  place  the  pile  at  this  focufl:  jon 
see  no  beam  fisdling  on  it,  but  the  violent  action  of  the  needle 
instantly  reveals  to  the  mind's  eye  a  focus  of  heat^  at  the  point 
from  which  the  light  has  been  withdrawn. 

(368)  You  might,  perhaps,  be  disposed  to  think  that  the 
heat  falling  on  the  pile  has  been  first  absorbed  by  the  soot, 
and  then  radiated  from  it,  as  from  an  independent  souroe. 
Melloni  has  removed  every  objection  of  this  kind ;  bat  none 
of  his  experiments,  I  think,  are  more  conclusive,  as  a  refutation 
of  the  objection,  than  that  now  performed  before  you.  For, 
if  the  smoked  salt  were  the  source,  the  rays  could  not  conveige 
here  to  a  focus,  the  salt  being  at  this  side  of  the  conveiging 
lens.  You  also  see  that,  when  the  pile  is  displaced  a  littk^ 
laterally,  but  still  turned  toward  the  smoked  salt^  the  needle 
sinks  to  zero.  The  heat,  moreover,  falling  on  the  pile,  is,  u  I 
shown  by  Melloni,  practically  independent  of  the  position  of 
the  plate  of  rock-salt;  you  may  cut  .off  the  beam,  at  a  distance 
of  fifteen  feet  from  the  pile,  or  a  distance  of  one  foot :  the  re 
suit  is  sensibly  the  same,  which  could  not  be  the  case,  if  the 
smoked  salt  itself  were  the  source  of  heat. 

(369)  When  the  experiment  is  repeated  with  this  bbck 
glass,  the  result,  as  you  see,  is  the  same.  Now,  the  glass  re- 
flects a  considerable  portion  of  the  light  and  heat  from  the 
lamp ;  when  held  a  little  obliquely  to  the  beam,  you  can  see 
the  reflected  portion.  While  the  glass  is  in  this  position,  I 
will  coat  it  with  an  opaque  layer  of  lamp-black,  thereby  causing 
it  to  absorb,  not  only  all  the  luminous  rays  which  are  now 
entering  it,  but  also  the  portion  which  it  formerly  reflected. 
What  is  the  result  ?  Though  the  glass  plate  has  become  the 
seat  of  augmented  absorption,  it  has  ceased  to  affect  the  pil^i 
and  the  needle  descends  to  zero,  thus  furnishing  additions! 
proof  that  the  heat  which,  in  the  first  place,  acted  upon  the 
pile,  came  direct  from  the  lamp,  and  traversed  the  black  glass, 
as  light  traverses  a  transparent  substance.  , 

(370)  Rock-salt  transmits  all  rays,  luminous  and  obscure; 
alum,  of  the  thickness  already  given,  transmits,  according  ^^ 
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CeUoni,  only  the  luminooB  nys;*  henoe,  the  difference  be- 
ween  alum  and  rock-ealt  will  give  tiie  value  of  the  obscure 
adiation.  Tested  in  this  way,  Melloni  finds  the  following 
«t^K>rtions  of  luminous  to  obscure  rays,  for  the  three  sources 
nentioned: 


Obtsius. 
90 
98 
99 


TiUmliMww. 

flame  of  oil  .  •  •  .  .10 

Iiic«Dde8cent  pktinam  .  •  •  S 

FWme  of  alcohol  .  .1 


nms,  of  the  heat  radiated  from  the  flame  of  oil,  90  per  cent, 
is  due  to  obscure  rays ;  of  iihe  heat  radiated  from  incandescent 
platinum,  98  per  cent,  is  due  to  obscure  rays ;  while,  of  the 
beat  radiated  from  the  flame  of  alcohol,  fully  99  per  cent,  is 
due  to  obscure  radiation. 


*  We  ahall  sabeeqiiently  learn  that  ihU  is  an  error. 
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CHAPTER    X. 


AMOBPnoM  or  BEAT  BT  OASBOrS   MATnOI— ArPAKATUB    BMPLOTBD-^tABLT  DimCVUni 

— mathumakct  op  Aim  axd  or  ms  tbabbparbht  BLmBHTABT  oAM»— Aniuufn 

OP  OLCriAKT  GAA  AND  OP  OTHKB  COMPOITirD  OASES — ABflOBPTlOB  OP  BADLUTT  lUin 
TAPOBS— BAUIATIUir  OP  HEAT  BT  OABBft— BBCIPBOCITT  OP  BADIATIOB  A5D  iBSOBHIOS 
—  INPM'EKCE  OP  ]l«)LRCrLAB  OOMSnTUTIOir  03f  TUB  PAflSA«B  OP  BADT&XT  BUT- 
TBAlflUIUSION  OP  BEAT  THBOCOB  OPAQfTB  BODIBB  —  BBAT-SPECTBUH  BRACBXD  IBB 
LIunT-BPBCTBUM  BT  AN  OPAQVB  PBIBM. 

(371)     1  ITE  have  now  examined  the  diathermancj,  or  trans- 
▼  »       parency  to  heat,  of  solid  and  liquid  bodies ;  and 
learned  that,  closely  as  the  atoms  of  such  bodies  are  packed 
together,  the  interstitial  spaces  between  the  atoms  aflford  free 
play  and  passage  to  the  ethereal  undulations,  which  are  in 
many  cases  transmitted  without  sensible  hinderance  among  the 
atoms.     In  other  cases,  however,  we  found  thiat  the  raoleculea 
stopped  the  waves  of  heat  which  impingetl  upon  them;  but 
that,  in  so  doing,  they  themselves  became  centres  of  motion. 
Thus  we  learned  that,  while  perfectly  diathermic  bodies  al- 
lowed the  heat-undulations  to  pass  through  them,  without  suf- 
fering any  change  of  temperature,  those  bodies  which  stopped 
the  calorific  flux  became  heated  by  the  absorption.     Through 
ice  itself  we  sent  a  powerful  calorific  beam  ;  but,  because  the 
beam  was  of  such  a  quality  as  not  to  be  intercepted  by  the  ice, 
it  passe<l  through  this  highly-sensitive  substance  without  meltr 
ing  it.     We  have  now  to  deal  with  gaseous  bodies ;  and  here 
the  interatomic  spaces  are  so  vastly  augmented,  the  molecules 
are  so  completely  released  from  all  mutual  entanglement,  that 
we  should  bo  almost  justified  in  concluding  that  gases  and 
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vapors  furnish  a  perfectly  opcu  door  fur  the  passage  of  the 
calorific  waves.  This,  indeed,  until  quite  receotly,  was  the 
unirersal  belief;  and  the  ooncluBion  was  reriSed  hy  such  ex- 
periments u  had  been  made  on  atmospheric  air,  which  was 
found  to  give  no  evidence  of  absorption. 

(372)  But  each  siuxseeding  year  augments  our  experimen- 
tm]  power  ;  the  invention  of  unproved  methods  enabling  us  to 
renev  our  inquiries  with  increased  chances  of  success.  Let 
us,  then,  test  once  more  the  diathennanpy  of  atmospheric  air. 
We  maj  make  a  preliminar;  essay  in  the  fbUowing  way :  We 
liave  here  a  hollov  tin  cylinder,  a  b  (fig.  86),  4  feet  long,  and 
Beariy  3  inches  io  ^ameter,  through  which  we  may  send  onr 


oalorifio  beam.  We  must,  however,  be  able  to  compare  the 
passage  of  the  heat  through  the  air  with  its  passage  through 
a  vacuum,  and  hence  we  must  have  some  means  of  stopping 
the  ends  of  our  cylinder,  so  as  to  be  able  to  exhaust  it.  Here 
we  encounter  our  first  experimental  difficulty.  As  a  general 
rule,  obscure  heat  is  more  greedily  absorbed  than  luminous 
heat,  and,  as  our  object  is  to  make  the  absorption  of  a  bighly- 
diathermic  body  sensible,  we  are  most  likely  to  effect  this  ob- 
ject by  employing  the  radiation  ^m  an  obscure  source. 

(373)  Our  tube,  therefore,  must  be  stopped  by  a  substance 
which  permits  of  the  free  passage  of  such  heat     Shall  we  use 
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glass  for  the  purpose  ?  An  inspection  of  the  taUe  at  page  869 
shows  us,  that  for  such  heat  plates  of  glass  would  be  perfectly 
opaque ;  we  might  as  well  stop  our  tubes  with  plates  of  metiL 
Obsenre  here  how  one  investigator's  results  are  turned  to  ao* 
count  by  another ;  how  science  grows  bj  the  continual  degxip 
dation  of  ends  to  means.  Had  not  Mellon!  discovered  the 
diathermic  properties  of  rock-salt,  we  should  now  be  utteiljift 
a  loss.  For  a  time,  however,  the  difficulty  of  obtaining  phttt 
of  salt  sufficiently  large  and  pure  to  stop  the  ends  of  mj  tube 
was  extreme.  But  a  scientific  worker,  if  his  wants  are  nude 
known,  does  not  long  lack  help ;  and,  thanks  to  such  firiendlf 
aid,  I  have  here  plates  of  this  precious  substance,  which,  faf 
means  of  the  caps  a  and  b,  can  be  screwed  air-tight  on  to  the 
ends  of  my  cylinder.*    You  observe  two  stopcocks  attscfaed 

*  At  a  time  whon  I  was  greatly  in  need  of  a  supply  of  rook-salt,  I  ititcd 
my  wants  In  the  **  Philosophioal  Magazine,*'  and  met  with  an  immediato  re- 
sponse from  Sir  John  IIorHchol.  He  sent  me  a  block  of  salt,  acoompuiiml  by 
a  note,  from  wliioh,  as  it  refers  to  the  purpose  for  which  the  salt  was  orif^ 
nally  designed,  I  will  make  an  extract.  I  am  also  greatly  indebted  to  Dr. 
Szubo,  the  Hungarian  Commissioner  to  the  International  Exhibition  of  18^ 
by  whom  I  have  been  raised  to  comparative  opulence,  as  regards  the  poMCt- 
sion  of  rock-salt.  To  the  Messrs.  Fletcher,  of  Northwlch,  and  to  Mr.  Coibett, 
of  Rromsgrove,  my  best  thanks  are  also  due  for  their  ready  kindness. 

To  these  acknowledgments  I  have  now  to  add  my  respectful  thanks  to  the 
Government  of  WQrtcmberg,  for  the  splendid  block  of  salt  placed  in  their  de- 
partment in  the  late  Paris  Exhibition. 

Here  follows  the  extract  from  Sir  J.  Ilerschers  note :  **  After  the  puhlics- 
tion  of  my  paper  in  the  Phil.  Trans.  1840,  I  was  very  desirous  to  diseogasfA 
myself  from  the  influence  of  glass  prisms  and  lenses,  and  ascertain,  if  po*u- 
ble,  whether  in  reality  my  insulated  heat-spots  ^  y3  c  in  the  spectrum  were  o( 
solar  or  terrestrial  origin.  Kock-salt  was  the  obvious  resource,  and  after  nuny 
and  fruitless  endeavors  to  obtain  sufficiently  large  and  pure  specimens,  the 
late  Dr.  Somerville  was  so  good  as  to  send  me  (as  I  nnderstood  f\rom  a  fHend 
in  Ohcsliiro)  the  very  fine  block  which  I  now  forward.  It  is,  however,  much 
cracked,  but  I  have  no  doubt  pieces  large  enough  for  lenses  and  prisms  (espo- 
oially  if  cemented  together)  might  be  got  from  it. 

"  But  I  was  not  prepared  for  the  working  of  it— evidently  a  very  dclioste 
and  difficult  process  (I  proposed  to  diMolte  oflf  the  comers,  etc,  and,i*>* 
were,  lick  it  into  shape),*  and  thouirh  I  have  never  quite  lost  sight  tS  the 
matter,  I  have  not  yet  been  able  to  do  any  thing  with  it ;  meanwhile,  I  pot 't 
by.  On  looking  at  it  a  year  or  two  after,  I  was  dismayed  to  And  it  had  l-^' 
much  by  deliquescence.    Accordingly,  I  potted  it  up  in  salt  in  an  earthen  dish, 
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to  the  cylinder.  One  of  them,  c,  is  connected  with  an  air-pump, 
lij  which  the  tube  can  be  exhausted ;  while  through  the  other 
coe,  </,  air,  or  any  other  gas,  can  be  allowed  to  enter  the  tube. 

(374)  At  one  end  of  the  cylinder  is  placed  a  Leslie's  cube 
C^  eootaining  boiling  water,  and  coated  with  lamp-black,  to 
angment  its  power  of  radiation.     At  the  other  end  of  the 
cyfinder  stands  our  thermoelectric  pile,  from  which  wires  lead 
.te  tbe  galvanometer.    Between  the  end  b  of  the  cylinder  and 
Hie  oabe  c,  is  introduoed  a  tin  screen,  t,  which,  when  with- 
drawn, will  allow  the  calorific  rays  to  pass  from  o  through  the 
tabe  to  the  pile.     We  first  exhaust  the  cylinder,  then  draw  the 
■cveen  a  little  aside,  and  now  the  rays  are  traversing  a  vacuum 
and  fidling  upon  the  pile.    The  tin  screen,  you  observe,  is  only 
partiaUy  withdrawn,  and  the  steady  deflection,  produced  by 
the  heat  at  present  transmitted,  is  30  degrees. 

(375)  Let  us  now  admit  dry  air ;  we  can  do  so  by  means 
of  the  code  c',  from  which  a  piece  of  flexible  tubing  leads  to 
the  bent  tubes  u,  it',  the  use  of  which  shall  be  now  explained. 
Hie  tube  u  is  filled  with  fragments  of  pumice-stone  moistened 
with  a  solution  of  caustic  potash ;  it  is  employed  to  withdraw 
whatever  carbonic  acid  may  be  contained  in  the  air.  The  tube 
jf  is  filled  with  fragments  of  pumice-stone,  moistened  with 
sulphuric  acid  ;  it  is  intended  to  absorb  the  aqueous  vapor 
of  the  air.  Thus,  the  air  reaches  the  cylinder  deprived  both 
of  its  aqueous  vapor  and  its  carbonic  acid.  It  is  now  entering 
— the  mercury-gauge  of  the  pump  is  descending,  and,  as  it  en- 
ters, you  will  observe  the  needle.  If  the  entrance  of  the  air 
diminish  the  radiation  through  the  cylinder — if  air  be  a  sub- 
stance which  is  competent  to  intercept  the  waves  of  ether  in 
my  sensible  degree — this  will  be  declared  by  the  diminished 
deflection  of  the  galvanometer.  The  tube  is  now  full,  but  you 
see  no  change  in  the  position  of  the  needle,  nor  could  you  see 

with  iron  rim,  and  placed  it  on  an  upper  shelf  in  a  room  witb  an  Amott  stove, 
where  it  has  remained  ever  since. 

"  If  you  should  find  it  of  any  use,  1  would  ask  you,  if  possible,  to  repeat 
my  experiment  as  described,  and  settle  that  point,  which  has  always  struck 
me  u  a  rery  important  one.'* 
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any  change,  even  if  you  were  close  to  the  instrument 
air  thus  examined  seems  as  transparent  to  radiant  heat  a 
vacuum  itselfl 

(376)  By  changing  the  screen  we  can  alter  the  amoi] 
heat  fiiUing  upon  the  pile ;  thus,  by  g^raduaUy  withdrawi 
the  needle  can  be  caused  to  stand  at  40^,  50'',  GO"*,  W 
80°,  in  succession ;  and,  while  it  occupies  each  positioi: 
experiment  just  performed  before  you  can  be  repeated, 
instance  could  you  recognize  the  slightest  movement  c 
needle.  The  same  is  the  case  if  the  screen  be  pushed  for 
so  as  to  reduce  the  deflection  to  20  or  10  degrees. 

(377)  The  experiment  just  made  is  a  question  addi 
to  Nature,  and  her  sUence  might  be  construed  into  a  ne^ 
reply.  But  a  natural  philosopher  must  not  lightly  ao 
negative,  and  I  am  not  sure  that  we  have  put  our  quest 
the  best  possible  language.  Let  us  analyze  what  we 
done,  and  first  consider  the  case  of  our  smallest  deflect! 
10  degrees.  Supposing  that  the  air  is  not  perfectly  diathe 
that  it  really  intercepts  a  small  portion — say  the  tbous 
part  of  the  heat  passing  through  the  tube — ^that  out  of 
thousand  rays  it  intercepted  one ;  should  we  be  able  to  < 
this  action  ?  Such  absorption,  if  it  took  place,  would 
the  deflection  the  thousandth  part  of  ten  degrees,  or  th< 
dredth  part  of  one  degree,  a  diminution  which  it  would  1 
possible  for  you  to  see,  even  if  you  were  close  to  the  , 
nometer.'"  In  the  case  here  supposed,  the  total  quantt 
fieat  faUhig  upon  t/ie  />tfe  is  so  incofisiderabky  that  a 
fraction  of  U^  even  if  absorbed^  might  weU  escape  deleck 

(378)  But  we  have  not  confined  ourselves  to  a  smaU 
tity  of  heat;  the  result  was  the  same  when  the  deflectio 
80°,  as  when  it  was  10°.  Here  I  must  ask  you  to  si 
your  attention  and  accompany  me,  for  a  time,  over  rathe 
cult  ground.  I  want  now  to  make  clearly  intelligible  l 
an  important  peculiarity  of  the  galvanometer. 

•  It  will  be  borne  in  mind  that  I  am  here  speaking  of  ffoiranonuiru 
ik«rmonutrie  degrees. 


\ 
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(379)  The  needle  being  at  zero,  let  us  suppose  a  quantity 
of  heat  to  fall  upon  the  pile,  sufficient  to  produce  a  deflection 
of  one  degree.     Suppose  the  quantity  of  heat  to  be  afterward 
augmented,  so  as  to  produce  deflections  of  two  degrees,  three 
degrees,  four  degrees,  five  degrees;  then  the  quantities  of 
beat  which  produce  these  deflections  stand  to  each  other  in 
llie  ratios  of  1 :  2 :  3 :  4 :  5 :  the  quantity  of  heat  which  pro- 
duces a  deflection  of  5°  being  exactly  five  times  that  which 
produces  a  deflection  of  1^.     But  this  proportionality  exists 
only  so  long  as  the  deflections  do  not  exceed  a  certain  magni- 
tude.    For,  as  the  needle  is  drawn  more  and  more  aside  from 
ttro,  the  current  acts  upon  it  at  an  ever-augmenting  disad- 
vantage.    The  case  is  illustrated  by  a  sailor  working  a  cap- 
stan :  he  always  applies  his  strength  at  right  angles  to  the 
lever,  for,  if  he  applied  it  obliquely,  only  a  portion  of  that 
strength  would  be  effective  in  tinning  the  capstan  round. 
And  in  the  case  of  our  electric  current,  when  the  needle  is 
very  oblique  to  the  current's  direction,  only  a  portion  of  its 
force  is  effective  in  moving  the  needle.     Thus  it  happens  that, 
thou({-h  the  quantity  of  heat  may  be,  and,  in  our  case,  w,  ao- 
curately  expressed  by  the  strength  of  the  current  which  it  ex- 
cites, still  the  larger  deflections,  inasmuch  as  they  do  not  give 
us  the  action  of  the  whole  current,  but  only  a  part  of  it,  cannot 
be  a  true  measure  of  the  amount  of  heat  fiilling  upon  the  pile. 

(380)  The  galvanometer  now  before  you  is  so  constructed, 
that  the  angles  of  deflection,  up  to  30°  or  thereabouts,  are 
proportional  to  the  quantities  of  heat ;  the  quantity  necessary  to 
move  the  needle  from  29°  to  30°  is  sensibly  the  saine  as  that 
required  to  remove  it  from  0°  to  1°.  But  Ijcyond  30°  the 
pprjportionality  ceases.  The  quantity  of  heat  required  to  move 
the  needle  from  40°  to  41°  is  three  times  that  necessary  to 
move  it  from  0°  to  1° ;  to  deflect  it  from  50°  to  51°  requires 
fiv(^  times  the  heat  necessary  to  move  it  from  0°  to  1° ;  to  dc- 
ilv*rt  it  from  60°  to  61°  requires  about  seven  times  the  heat 
nf.^essary  to  move  it  from  0°  to  1" ;  to  deflect  it  from  70"  to  71° 
nMiuin»s  elov(Mi   times,  while  to  move  it  from  80°  to  81°  re- 
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quires  more  than  fifty  times  the  heat  neoesMUj  to  nwfe  k 
from  0^  to  1^  Thus,  the  higher  we  go^  tiie  greater  ii  tb 
quantity  of  heat  represented  bj  a  degree  of  defleotioa;  tb 
reason  being,  that  the  ft»oe  whidi  then  moves  the  aesdleii 
only  a  fraction  of  the  fotoe  of  tiie  current  really  oiiealatiiigia 
the  wire,  and  hence  refnesents  only  a  fraction  of  the  heat  &fr 
ing  upon  the  pile. 

(881)  By  a  process,  to  be  afterward  described,^  the  Ui^ 
degrees  of  the  galvanometer  can  be  expressed  in  tenns  of  ths 
lower  ones.  We  thus  learn,  that  while  deflectioiis  of  lO^SO^i 
80%  respectiyely  express  quantities  of  heat  represented  faj  ths 
numbers  10,  20,  80,  a  deflection  of  40^  represents  a  qumtily 
of  heat  expressed  by  the  number  47;  a  deflection  of  60*  tar 
presses  a  quantity  of  heat  expressed  by  the  number  80  j  wUb 
the  deflections  60%  70%  80^,  express  quantities  of  heat  wUeh 
increase  in  a  much  more  rapid  ratio  tiian  the  deflections  theni* 
selves. 

(382)  What  is  the  upshot  of  this  analysis  ?  It  will  lesd 
us  to  a  better  method  of  questioning  Nature.  It  suggests  the 
reflection  that,  when  we  make  our  angles  smaUj  the  quantity 
of  heat  falling  on  the  pile  is  so  inconsiderable  that,  even  if  a 
fraction  of  it  were  absorbed,  it  might  escape  detection ;  while, 
if  we  make  our  deflections  large,  by  employing  a  powerful 
flux  of  heat,  the  needle  is  in  a  position  from  which  it  would 
require  a  considerable  addition  or  abstraction  of  heat  to  move 
it  Hie  1,000th  part  of  the  whole  radiation,  in  the  one  case, 
would  be  too  small,  absolutely,  to  be  measured :  the  1,000th 
part  in  the  other  case  might  be  very  considerable,  without^ 
however,  bein^  considerable  enough  to  afiect  the  needle  in 
any  sensible  degree.  When,  for  example,  the  deflection  is 
over  80°,  an  augmentation  or  diminution  of  heat,  equivalent 
to  15  or  20  of  the  lower  degrees  of  the  galvanometer,  would 
be  scarcely  sensible. 

(383)  We  arc  now  hce  to  fisice  with  our  problem :  it  is 
ihis,  to  work  with  a  flux  of  heat  so  large  that  a  small  frso- 

*  Sm  Appendix  to  this  Chapter. 
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tiooal  put  of  it  will  not  be  infinitesimal,  and  atill  to  keep  our 
needle  in  its  most  sensitive  position.  If  we  can  aocomplish 
thiSy  we  shall  augment  indefinitely  omr  experimental  power. 
If  a  firaotion  of  the  heat,  however  small,  be  intercepted  bj  the 
gis,  tM  can  augment  the  abiohtte  naikie  of  that  fr<Kti<m  by 
fmgmenUng  the  tatai  of  which  U  is  afiractian. 

(384)  The  problem,  happily,  admits  of  an  effectiye  prao- 
tioal  solution*  You  know  that  when  we  allow  heat  to  fall 
upon  the  opposite  £ftoes  of  the  thermoelectric  pile,  the  cur- 
rents generated  neutralize  each  other  more  or  less ;  and,  if  the 
quantities  of  heat  falling  upon  the  two  faces  be  perfectly 
equal,  the  neutmlization  is  complete.  Our  galvanometer 
needle  is  now  deflected  to  80^  by  the  flux  of  heat  passing 
through  the  tube ;  I  uncover  the  second  face  of  the  pile, 
which  is  also  furnished  with  a  conical  reflector,  and  place  a 
second  tube  of  boiling  water  in  front  of  it ;  the  needle,  as  you 
see,  descends  instantly. 

(385)  By  means  of  a  proper  adjusting  screen,  the  quantity 
of  heat  ffdling  upon  the  posterior  face  of  the  pile  can  be  so 
regulated  that  it  shall  exactly  neutralize  the  heat  incident 
upon  its  other  .face :  this  is  now  effected ;  and  the  needle 
points  to  zero. 

(386)  Here,  then,  we  have  two  powerful  and  perfectly 
equal  fluxes  of  heat,  fedling  upon  the  opposite  faces  of  the 
pile,  one  of  which  passes  through  our  exhausted  cylinder.  If 
air  be  allowed  to  enter  the  cylinder,  and,  if  this  air  exert  any 
appreciable  action  upon  the  rays  of  heat,  the  equality  now  ex- 
isting will  be  destroyed ;  a  portion  of  the  heat  passing  through 
the  tube  being  intercepted  by  the  air,  the  second  source  of 
heat  will  triumph ;  the  needle,  now  in  its  most  sensitive  posi- 
tion, will  be  deflected ;  and,  from  the  magnitude  of  the  deflec- 
tion, we  can  accurately  calculate  the  absorption. 

(387)  I  have  thus  sketched,  in  rough  outline,  the  appa- 
ratus by  which  our  researches  on  the  relation  of  radiant  heat 
to  gaseous  matter  must  be  conducted.  The  necessary  tests 
are,  however,  at  the  same  time  so  powerful  and  so  delicate. 
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that  a  rough  apparatus  like  that  just  described  would  not  Ur 
Bwer  our  purpose.  But  jou  will  now  experience  no  diffiool^ 
in  comprehending  the  oonstruotion  and  application  of  the  wan 
perfect  apparatus,  with  which  the  experiments  on  gaseous  ilh 
sorption  and  radiation  have  been  actually  made. 

(388)  Between  s  and  s'  (Plate  L  at  the  end  of  the  book) 
stretches  the  experimental  cylinder^  a  hollow  tube  of  htuk 
polished  within ;  at  8  and  s'  are  the  plates  of  rock-salt  wliioh 
close  the  cylinder  air-tight ;  the  length  from  s  to  s',  in  the  eir 
periments  to  be  first  recorded,  is  four  feet.  The  souroe  of 
heat,  c,  is  a  cube  of  cast  copper,  filled  with  water,  which  ii 
kept  continually  boiling  by  the  lamp  l.  Attached  to  the  onbe 
c  by  brazing  is  the  short  cylinder  f,  of  the  same  diameter  as 
the  experimental  cylinder,  and  capable  of  being  connected  ai^ 
tight  with  the  latter  at  s.  Thus,  between  the  source  c  anl 
the  end  s'  of  the  experimental  tube,  we  have  the  frotU  chanr 
ber  F,  from  which  the  air  can  be  removed,  so  that  the  rajs 
from-  the  source  will  enter  the  cylinder  s  s'  unsifted  bj  air. 
To  prevent  i;he  heat  of  the  source  c  from  passing  by  conduc- 
tion to  the  plate  at  s,  the  chamber  f  is  caused  to  pass  through 
the  vessel  v,  in  which  a  stream  of  cold  water  continually  area- 
lates,  entering  through  the  pipe  %  t,  which  dips  to  the  bottom 
of  the  vessel,  and  escaping  through  the  waste-pipe  e  e.  The 
experimental  tube  and  the  front  chamber  are  connected,  inde- 
pendently, with  the  air-pump  A  A,  so  that  either  of  them  may 
be  exhausted  or  filled,  without  interfering  with  the  other.  I 
may  remark  that,  in  later  arrangements,  the  experimental  cyl- 
inder was  supported  apart  from  the  pump,  being  connected 
with  the  latter  by  a  flexible  tube.  The  tremulous  motion  of 
the  pump,  which  occurred  when  the  connection  was  rigid,  was 
thus  completely  avoided,  p  is  the  thermo-electric  pile,  pUoed 
on  its  stand  at  the  end  of  the  experimental  cylinder,  and  fu^ 
nished  with  its  two  conical  reflectors,  c'  is  the  compensable 
eaf>e^  used  to  neutralize  the  radiation  fix)m  c ;  h  is  the  (X€§u$tin§ 
snreen^  which  is  capable  of  an  exceedingly  fine  motion  to  and 
fro.     N  N  is  a  delicate  galvanometer  connected  with  the  pil0 
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P,  by  the  wires  w  w\  The  graduated  tube  o  o  (to  the  right 
of  the  plate),  and  the  appendage  m  k  (attached  to  the  centre 
of  the  experimental  tube),  shall  be  referred  to  more  particu- 
irij  by-and-by. 

(389)  It  would  hardly  sustain  your  interest,  were  I  to 
<tate  the  difficulties  which  at  first  beset  the  investigation  con- 
ducted  with  this  apparatus,  or  the  numberless  precautions 
which  the  exact  balancing  of  the  two  powerful  sources  of  heat, 
here  resorted  to,  rendered  necessary.    I  believe  the  experi- 
ments, made  with  atmospheric  air  alone,  might  be  numbered 
by  tens  of  thousands.     Sometimes  for  a  week,  or  even  for  a 
fixrtnight,  coincident  and  satis^tory  results  would  be  ob- 
tained ;  the  strict  conditions  of  accurate  experimenting  would 
mppear  to  be  found,  when  an  additional  day's  experience 
'would  destroy  the  superstructure  of  hope,  and  necessitate  a 
reoommencement,  under  changed  conditions,  of  the  whole  in- 
qmry.     It  is  this  which  daunts  the  experimenter ;   it  is  this 
preliminary  fight  vrith  the  entanglements  of  a  subject,  so  dark, 
so  doubtful,  so  uncheering— without  any  knowledge  whether 
the  confiict  is  to  lead  to  any  thing  worth  possessing — ^which 
renders  discovery  difficult  and  rare.     But  the  experimenter, 
especially  the  young  experimenter,  ought  to  know  that,  as  re- 
guards  his  own  moral  manhood,  he  cannot  but  win,  if  he  only 
contend  aright.     Even  with  a  negative  result,  the  conscious- 
ness that  he  has  gone  fairly  to  the  bottom  of  his  subject,  as 
far  as  his  means  allowed — the  feeling  that  he  has  not  shunned 
labor,  though  that  labor  may  have  resulted  in  laying  bare  the 
nakedness  of  his  case — reacts  upon  his  own  mind,  and  gives 
it  firmness  for  future  work. 

(390)  But  to  return :  I  first  neglected  atmospheric  vapor 
and  carbonic  acid  altogether ;  concluding,  as  others  afterward 
did,  that,  the  quantities  of  these  substances  being  so  small, 
their  effect  upon  radiant  heat  must  be  quite  inappreciable ; 
after  a  time,  however,  this  assumption  was  found  to  be  leading 
me  quite  astray.  Chloride  of  calcium  was  first  used  as  a  dry- 
ing agent,  but  I  had  to  abandon  it.     Pumice-stone,  moistened 
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sulphuric  add!,  was  next  oKd,  twit  it  abo  proved  ttani^ 
able.  I  finattjr  leaorted  to  pare  giaaa  broken  into  aodi  faf^ 
ments,  wetted  with  anlpharic  add,  and  inserted  bj  means  d 
a  fumiel  into  a  U  tube.  This  arrangement  was  fsond  ta  be 
the  best^  bat  even  here  the  greatest  care  was  needed.  B  wm 
necessary  to  cover  each  ccdumn  with  a  lajer  of  dry  f^bm  fa|^ 
ments,  for  the  smsllest  particle  of  dnst  from  the  eoikiHrs 
quantity  of  sealing-wax  not  more  than  the  twentieth  part  oft 
pin  Vhead  in  siae,  was  quite  sufficient^  if  it  leaehed  the  said| 
to  vitiate  the  resuhsi  The  drying<tabes,  moreover,  had  to  be 
frequently  changed,  as  the  ofganio  matter  of  the  atmoqihefa^ 
infinitesimal  though  it  vras,  alter  a  time  introduced  disturbsaca 

(391)  To  rCTKyve  the  caibonic  acid,  pure  Cbrrara  maiUe 
was  brdcen  into  fragments,  wetted  with  oaxKtic  potash,  sad 
introduced  into  a  U  tube.  These,  then,  are  tiie  agents  now 
employed  for  drying  the  gas  and  removing  the  carbonie 
acid ;  but,  previous  to  their  final  adoptioD,  the  arrangemeni 
shown  Id  Plate  L  was  made  use  ot  The  glass  tubes  mariced 
T  T,  each  three  feet  long,  were  filled  with  chloride  of  caldum, 
after  them  were  placed  two  U  tubes,  n  z,  filled  with  pumice- 
stone  and  sulphuric  acid.  Hence,  the  air,  in  the  first  plaoe, 
had  to  pass  over  18  feet  of  chloride  of  calcium,  and  afterward 
through  the  sulphuric-acid  tubes,  before  entering  the  experi- 
mental tube  8  s'.  A  gasholder,  a  o',  was  employed  for  other 
gases  than  atmospheric  air.  In  the  investigation  on  which  I 
am  at  present  engaged,  this  arrangement,  as  already  stated,  is 
abandoned,  a  simpler  one  being  found  more  efiectuaL 

(392)  Both  the  front  chamber,  f,  and  the  experimental 
tube  8  s'  being  exhausted,  the  rays  pass  from  the  source  o 
through  the  front  chamber ;  across  the  plate  of  rock-salt  at  s, 
through  the  experimental  tube,  across  the  plate  at  b',  after- 
ward impinging  upon  the  anterior  surface  of  the  pile  P.  This 
radiation  is  neutralized  by  that  from  the  compensating  cube 
c'.  llie  needle,  you  will  observe,  is  at  zero.  We  will  com- 
mence our  experiments  by  applying  this  severe  test  to  dry  air. 
Tt  is  now  entering  the  experimental  cylinder ;  but,  at  your  dis- 
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tanoe,  you  see  no  motion  of  the  needle,  and  thus  our  more 
powerful  mode  of  experiment  faUs  to  detect  any  absorption  on 
tiie  part  of  the  air.  Its  atoms,  apparently,  are  incompetent  to 
stop  a  single  calorific  wave  i  it  is  a  pradical  vacuum^  cts  re- 
gards the  rays  of  heat.  Oxygen,  hydrogen,  and  nitrogen, 
when  carefully  purified,  exhibit  the  action  of  atmospheric  air ; 
tbef  are  sensibly  neutraL 

(393)  This  is  the  deportment  which,  prior  to  the  researches 
now  to  be  described,  was  ascribed  to  gases  generally.  Let  us 
see  whether  rightly  or  not  This  gasholder  contains  defiant 
gas — common  coal-gas  would  also  answer  my  purpose.  The 
perfect  transparency  of  this  gas  to  light  is  demonstrated  by 
discharging  it  into  the  air ;  you  see  uothing,  the  gas  is  not  to 
be  distinguished  from  the  air.  The  experimental  tube  is  now 
exhausted,  and  the  needle  points  to  zero.  Observe  the  effect 
when  the  defiant  gas  is  permitted  to  enter.  The  needle  moves 
in  a  moment ;  the  transparent  gas  intercepts  the  heat,  like  an 
opaque  body — the  final  and  permanent  deflection,  when  the 
tube  is  full  of  gas,  amounting  to  70^. 

(394)  Let  us  now  interpose  a  metal  screen  between  the 
pile  p  and  the  end  s'  of  the  experimental  tube,  thus  entirely 
cutting  off  the  radiation  through  the  tube.  The  fiEu^  of  the 
pile  turned  toward  the  metal  screen  wastes  its  heat  speedily 
by  radiation ;  it  is  now  at  the  temperatiure  of  this  room,  and 
the  radiation  from  the  compensating  cube  alone  acts  on  the 
pile,  producing  a  deflection  of  75^.  But,  at  the  commence- 
ment of  the  experiment,  the  radiations  from  both  cubes  were 
equal ;  hence,  the  deflection  75°  corresponds  to  the  total  radi- 
ation through  the  experimental  tube,  when  the  letter  is  ex- 
hausted. 

(395)  Taking  as  unit  the  quantity  of  heat  necessary  to 

move  the  needle  from  0°  to  1°,  the  number  of  units  expressed 

by  a  deflection  of  75°  is 

276. 

The  number  of  units  expressed  by  a  deflection  of  70°  is 

211. 
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Out  of  a  total,  therefore,  of  .276,  olefiant  gas  has  inteioq>iei 
211 ;  that  is,  about  seven-ninths  of  the  whole,  or  about  80  per 
cent. 

(396)  Does  it  not  seem  to  jou  as  if  an  opaque  layer  had 
been  suddenly  precipitated  on  our  plates  of  salt,  when  the  gH 
entered?  The  substance,  however,  deposits  no  such  hjo; 
When  a  current  of  the  dried  gas  is  dischaiged  against  a  polished 
plate  of  salt,  you  do  not  perceive  the  slightest  dimness.  Hie 
rock-salt  plates,  moreover,  though  necessary  for  exact  meii- 
urcments,  are  not  necessary  to  show  the  destructive  power  of 
this  gas.  Here  is  an  open  tin  cylinder,  interposed  between 
the  pile  and  our  radiating  source ;  when  olefiant  gas  is  forced 
gently  into  the  cylinder  from  this  gasholder,  you  see  the  nee* 
die  fly  up  to  its  stops.  Observe  the  smallness  of  the  quanti^ 
of  gas  now  to  be  employed.  First  cleansing  the  open  tube^ 
by  forcing  a  current  of  air  through  it,  and  bringing  the  needle 
to  zero,  I  turn  this  cock  on  and  off  as  speedily  as  possiblei 
A  mere  bubble  of  the  gas  enters  the  tube  in  this  brief  iDter> 
val ;  still  you  see  that  its  presence  causes  the  needle  to  swing  I 
to  70°.  Let  us  now  abolish  the  open  tube,  and  leave  nothing 
but  the  free  air  between  the  pile  and  source ;  frt>m  the  gu* 
ometer  I  discharge  olefiant  gas  into  this  open  space.  You  see 
nothing  in  the  air ;  but  the  swing  of  the  needle  through  aniro 
of  60°  declares  the  presence  of  this  invisible  barrier  to  the 
calorific  rays. 

(397)  Thus,  it  is  shown  that  the  ethereal  unduUtioos 
which  glide  among  the  atoms  of  oxygen,  nitrogen,  and  hydro- 
gen, without  hinderance,  are  powerfrdly  intercepted  hj  the 
molecules  of  olefiant  gas.  We  shall  find  other  transpAreut 
gases,  also,  almost  immeasurably  superior  to  air.  We  can 
limit  at  pleasure  the  number  of  the  gaseous  atoms,  and  thus 
vary  the  amoimt  of  destruction  of  the  ethereal  waves.  At- 
tached to  the  air-pump  is  a  barometric  tube,  by  means  of  which 
measured  portions  of  the  gas  can  be  admitted.  The  exp«n" 
mental  cylinder  is  now  exhausted  :  turning  this  cock  slowljon 
and  observing  the  mercury-gauge,  olefiant  gas  enters,  till  tlie 
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vierciirial  oolmnn  has  been  depressed  ao  inch.  I  observe  the 
gatvanometer,  and  read  the  deflection.  Determining  thus  the 
abeorption  produced  by  one  inch,  another  inch  is  added,  and 
tlie  absorption  effected  by  two  inches  of  the  gas  is  determined. 
ProoeediDg  thus,  we  obtain  for  tensions  from  1  to  10  inches 
the  following  absorption : 


Absorptioo. 
90 
128 
142 
167 
168 

m 

182 
186 
190 
193 


OlefiarU  Gas, 

Fmmum 
InlDchM. 

1 

2 

3 

4 

5 

6 ^ 

» 

8 

9         .         .         .  


10 


(398)  The  imit  here  used  is  the  amount  of  heat  absorbed 
Xrhen  a  whole  atmosphere  of  dried  air  is  allowed  to  enter  the 
^ube.  The  table,  for  example,  shows  that  one-thirtieth  of  an 
atmosphere  of  oleflant  gas  exercises  ninety  times  the  absorp- 
tion of  a  whole  atmosphere  of  air.  The  deflection  produced 
by  the  tubeful  of  dry  air  is  here  taken  to  be  one  degree :  it  is 
probably  less  even  than  this  infinitesimal  amotgit. 

(399)  The  table  also  informs  us  that  each  additional  inch 
of  olefiant  gas  produces  less  effect  than  the  preceding  one.  A 
single  inch,  at  the  commencement,  intercepts  90  rays,  but  a 
second  inch  absorbs  only  33,  while  the  addition  of  an  inch, 
when  nine  inches  are  already  in  the  tube,  effects  the  destruc- 
tion of  only  3  rays.  This  is  what  might  reasonably  be  ex- 
pected. The  number  of  rays  emitted  is  finite,  and  the  dis- 
charge of  the  first  inch  of  olefiant  gas  among  them  has  so 
thinned  their  ranks  that  the  execution  produced  by  the  second 
inch  is  naturally  less  than  that  of  the  first.  Tliis  execution 
must  diminish,  as  the  number  of  rays  capable  of  being  de- 
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strojed  br  the  gu  becomes  less ;  until,  finallj,  all  abscxfasiib 
rmjs  being  remored,  tbe  residual  heat  passes  through  the  gm 
unimp^eii.^ 

(•!«» )  But  supposing  the  quantity  of  gas  first  introdooed 
to  be  so  inconsiderable  that  the  heat  interoepted  by  it  is  s  iifr 
ishing  quantity,  compared  with  the  total  amoont,  we  migkt 
then  reasonably  expect  that,  for  some  time  at  least,  the  qnu* 
tit  y  of  heat  intercepted  would  be  proportional  to  the  qusn% 
of  gas  present.  That  a  double  quantity  of  gas  would  pro- 
duce a  double  effect,  a  treble  quantity  a  treble  effect;  or,iB 
general  terms,  that  the  absoq)tion  would,  for  a  time,  be  fooni 
proportional  to  the  density. 

(401)  To  test  this  idea,  we  wiU  make  use  of  a  portion  ^ 
the  apparatus  omitted  in  the  general  descriptioiL     O  0  (Pl^'*^ 
L)  is  a  graduated  glass  tube,  the  end  of  which  dips  into  f^ 
basin  of  water,  B.     The  tube  is  closed  aboye  by  means  of  i"^^ 
stopcock  r  /  (/  (7  is  a  tube  containing  fragments  of  chloride 
calcium  which  dries  the  gas.     The  tube  o  o  is  first  filled  wil 
water  up  to  the  cock  r,  and  the  water  is  afterward  carei 
displaced  by  olefiant  gas,  introduced  in  bubbles  from  beloi 
The  gas  is  admitted  into  the  experimental  cylinder  by  th« 
cock  r,  and,  as  it  enters,  the  water  rises  in  o  o,  each  of  thi 
divisions  of  which  represents  a  volume  of  1*5 th  of  a  cabiC^^ 
inch.     Successive  measures  of  this  capacity  are  permitted 
enter  tbe  tube,  and  the  absorption  in  each  particular  case  is 
determined. 

(402)  In  the  following  table,  the  first  column  contains  the 
quantity  of  gas  admitted  into  the  tube;  the  second  contains 
the  corresponding  absorption ;  the  third  column  contains  the 

*  A  wave  of  ether  starting  from  a  radiant  point  in  all  directions,  in  a  nni- 
fonn  in(!dirirn,  constitutes  a  spherical  shell,  which  expands  with  the  relocitj 
of  1i(f}it  or  of  radiant  heat.  A  my  of  light,  or  a  ray  of  heat,  is  a  line  peq;ten« 
<iiciil»r  to  tlift  wave,  and,  in  tlie  case  here  supposed,  the  rays  would  be  the 
roiJii  of  tho  Hjihericul  Khell.  The  word  "  ray,"  however,  is  used  in  the  text, 
to  avoid  circumlocution,  as  equivalent  to  the  tarm' unit  0/ h€<U.  Thus,  calling 
the  amount  of  hout  iiiterci'iitcd  hy  a  whole  atmosphere  of  air  1,  the  amount 
'pted  by  ^^th  of  an  atmosphere  of  oleliant  gas  is  90. 
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hKMrption,  calculated  on  the  supposition  that  it  is  propor- 
fioQal  to  the  density : 

O^fiatU  Gas. 

Unit-meMiire,  ^th  of  a  cubic  inch* 

Absorptton 


KeMvet  of  Gaa. 
1       . 


2 
8 
4 
6 

6 

1 

8 

9 

10 

11 

12 

13 

14 

16 


Otoenrod. 

2-2 

4-6 

6« 

8-8 
110 
120 
14-8 
16-8 
19-8 
220 
24-0 
25*4 
29-0 
80-2 
88-5 


Galenkted. 

2-2 

4-4 

ftC 

8-8 

11-0 

18-2 

16-4 

17-6 

.     19-8 

22-0 

24-2 

26-4 

.     28-6 

29-8 

.     880 


(403)  This  table  proves  the  correctness  of  the  surmise 
lat,  when  very  small  quantities  of  the  gas  are  employed,  the 
bsoiption  is  sensibly  proportional  to  the  density.  But  con- 
ider  for  a  moment  the  tenuity  of  the  gas  with  which  we  have 
ere  operated.  The  volume  of  oiu*  experimental  tube  is  220 
ibic  inches ;  imagine  -j^th  of  a  cubic  inch  of  gas  diffused  in  this 
)ace,  and  you  have  the  atmosphere  through  which  the  calorific 
lys  passed  in  our  first  experiment.  This  atmosphere  pos- 
ssses  a  pressure  not  exceeding  n tooth  of  that  of  ordinary 
ir.  It  would  depress  the  mercurial  column  connected  with 
le  air-pump  not  more  than  y^th  of  an  English  inch.  Its 
^tion,  however,  upon  the  calorific  rays  is  perfectly  measurable, 
eing  more  than  twice  that  of  a  whole  atmosphere  of  dry  air. 

(404)  But  the  absorptive  energy  of  defiant  gas,  extraor- 
inary  as  it  is  shown  to  be  by  the  foregoing  experiments,  is 

13 


290 


HKAT  AS  A  MODS  OF  MOTEQIT. 


Fio.  861 


exceeded  by  that  of  variooB  vapors,  the  action  of  ^ 
radiant  heat  is  now  to  be  illustrated*  This  glass  flai 
86),  is  provided  with  a  brass  cap,  into  whidi  a  stop- 
be  screwed  air-tight.  A  small  quantity  of  sulphuric 
poured  into  the  flask,  and  by  means  of  an  air-pum] 
which  fills  the  flask  above  the  liquid  is  completely  rei 

attach  the  flask  to  the  experimental  tul 
is  now  exhausted — the  needle  pointing 
and  pennit  the  vapor  from  the  flask  to 
The  mercury  of  the  gauge  sinks,  and,  ^ 
depressed  one  inch,  the  further  supply 
will  be  stopped.  The  moment  the  y 
tered,  the  needle  moved,  and  it  now 
65°.  I  can  add  another  inch,  and  aga 
mine  the  absorption ;  a  third  inch,  an 
same.  The  absorptions  efibcted  by  foi 
introduced  in  this  way,  are  given  in  tl 
ing  table.  For  the  sake  of  comparison 
responding  absorptions  of  defiant  gas  a 
in  the  third  column : 


Sulphuric  JBther. 

PreMoro  In  indies 
of  mercoiy.  AbsorptioiL 

1 214 

2 282 

8 816 

4 380 


CoTTPspondb 
of  < 


(405)  For  these  pressures  the  absorption  of  radi 
by  the  vapor  of  sulphuric  ether  is  about  two  and  1 
times  the  absorption  by  defiant  gas.  There  is,  moreove 
portionality  between  the  quantity  of  vapor  and  the  ab 

(406)  But  reflections  similar  to  those  which  we 
ready  applied  to  defiant  gas  are  also  applicable  to  i 
ether.  Supposing  we  make  our  unit-measure  small 
the  number  of  rays  first  destroyed  will  vanish  in  coi 
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i  llie  tcytal  number,  and  pfobablj,  for  a  tlmei  the  abeorp- 
w31  be  direotly  prop(MrtioDal  to  the  density.  To  examine 
fcber  this  is  the  ease,  the  other  portion  of  tiie  apparatus, 
ted  in  the  genend  desoription,  was  made  use  oL  k 
te  L)  is  one  of  the  small  flasks  already  desoribed,  with  a 
I  oapi  which  is  dosely  screwed  on  to  die  stopoockV*  Be- 
■I  the  cocks  tf  and  ^  the  latter  of  which  is  connected  with 
nqperimental  tube,  is  the  diamber  x,  the  capacity  of  which 
mnately  determined.  The  flask  k  is  partially  filled  with 
r,  the  air  above  the  liquid  and  that  dissblTed  in  it  being 
yved.  The  tube  s  s'  and  the  chamber  u  being  exhausted, 
9odc  e is  shut  off;  and,  c'  being  turned  on,  the  chamber  m 
Ded  with  pure  ether-vapor.  By  turning  &  off  and  c  on, 
quantity  of  vapor  is  allowed  to  diffuse  itself  through  the 
nrimental  tube,  where  its  absorption  is  determined ;  suo- 
ive  measures  are  thus  sent  into  the  tube,  and  the  effect 
luced  by  each  is  noted. 

407)  In  the  following  table  the  unit-measure  made  use  of 
a  volume  of  r^th  of  a  cubic  inch. 


Sulphuric  Mher. 

1 

CTnit-measare,  jhs^^  of  a  cnbio  inch. 

& 

toreft. 

Ob«erved. 

Gdoahtad. 

1 

6-0         ...         . 

4ft 

2    . 

.     10-8    .... 

9-2 

4 

19-2         .         .         .         . 

18-4 

6    . 

.     24-5    . 

.     28-0 

6 

29-6 

27-0 

7   .         . 

.     84-6    .... 

.     82*2 

8 

880        .         .         .         . 

86-8 

9   . 

.440. 

.    41-4 

10 

46-2        .         .         .         . 

46-2 

11    . 

.     50*0   .... 

.     60'ft 

12 

62-8 

66-2 

18   . 

.     56-0   .... 

.     69-8 

U 

67-2 

64-4 

16   . 

.     59.4   .... 

.    69-0 
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(408)  We  here  find  that  the  proportion  between  deoahj 
and  absorption  holds  sensibly  good  for  the  first  eleyea  mett* 
ures,  after  which  the  deviation  from  proportionality  gradniUj 
augments. 

(409)  No  doubt,  for  smaller  measures  than  i^th  of  i 
cubic  inch,  the  above  law  holds  still  more  rigidly  true ;  and, 
in  a  suitable  locality,  it  would  be  easy  to  determine,  witk 
perfect  accuracy,  ^h  of  the  absorption  produced  by  the  ink 
measure ;  this  would  correspond  to  yisSr^  ^^  ^  cubic  indi  of 
vapor.  But,  before  entering  the  tube,  the  vapor  had  only  tbe 
tension  due  to  the  temperature  of  the  laboratory,  namelj, 
12  inches.  This  would  require  to  be  multiplied  by  2*5  to  • 
bring  it  up  to  that  of  the  atmosphere.  Hence,  the  iVrr^  ^ 
a  cubic  inch  would,  on  being  diffused  through  a  tube  possess^ 
ing  a  capacity  of  220  cubic  inches,  have  a  pressure  of^x^ 
^  TuVir  =  go 0^077^^  ^^  ^^  atmosphere.  That  the  action  of » 
transparent  vapor  so  attenuated  upon  radiant  heat  should  be 
at  all  measurable  is  simply  astounding. 

(410)  These  experiments  with  ether  and  olefiant  gas  show 
that  not  only  do  gaseous  bodies,  at  the  ordinary  tension  of 
the  atmosphere,  offer  an  impediment  to  the  transmission  of 
radiant  heat ;   not  only  are  the  interstitial   spaces  of  such 
gases  incompetent  to  allow  the  ethereal  undulations  free  pas* 
sage ;  but,  also,  that  their  density  may  be  reduced  vastly  be- 
low that  which  corresponds  to  the  atmospheric  pressure,  and 
still  the  door  thus  opened  is  not  wide  enough  to  let  the  undu- 
lations through.     There  is  something  in  the  constitution  of 
the  individual  molecules,  thus  sparsely  scattered,  which  ena- 
bles them  to  destroy  the  calorific  waves.     The  destruction, 
however,  is  merely  one  of  form;   there  is  no  absolute  loss. 
Through  dry  air  the  heat-rays  pass  without  sensibly  warmini? 
it ;  through  olefiant  gas  and  ether-vapor  they  cannot  pass  thus 
freely;   but  every  wave  withdrawn  horn  the  radiant  heart* 
produces  its  equivalent  motion  in  the  body  of  the  absorbing  gas, 
and  raises  its  temperature.     It  is  a  case  of  transference,  not 
of  annihilation. 
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(411)  Before  changing  the  source  of  heat  here  made  use 
of|  let  us  direct  our  attention,  for  a  moment,  to  the  action  of  a 
few  of  the  permanent  gases  on  radiant  heat.  To  measure  the 
quantities  introduced  into  the  experimental  tuhe,  the  mercurj- 
gmoge  of  the  air-pump  was  employed.  In  the  case  of  carbonic 
oxide,  the  following  absorptions  correspond  to  the  pressures 
annexed  to  them ;  the  action  of  a  full  atmosphere  of  air,  as- 
sinned  to  produce  a  deflection  of  one  degree,  being  taken  as 
imity: 

Carbonic  Oxide, 

Absoq>tlon 

mns  in  tn^Mt  # • » 

of  metconr.  ObaeryedL.  GaloiiUted. 


0-5        ...         .  2*6         ...         .  2*6 

10.         .         .         .         •  6-6 6-0 

1-6        ...         .  8-0        ...         .  7*6 

2-0 10-0 10-0 

2-6        ...        .  120        .        .         .        .  12-6 

8-0 150 150 

8-5        ...        .  17*5        ....  17-5 

As  in  former  cases,  the  third  column  is  calculated  on  the 
assumption  that  the  absorption  is  directly  proportional  to  the 
density  of  the  gas ;  and  we  see  that,  for  seven  measures,  or 
up  to  a  pressure  of  3*5  inches,  the  proportionality  holds 
strictly  good.  But,  for  large  quantities,  this  is  not  the  case ; 
when,  for  instance,  the  unit  measure  is  5  inches,  instead  of 
half  an  inch,  we  obtain  the  following  result : 

Absorption 

IVeflffurca  in  # * » 

inchcff.  Obserred.  Calcalated. 

6 18 18 

10         ...         .         82-5  ....  86 

16 46     .....      54 

Carbonic  acid,  sulphide  of  hydrogen,  nitrous  oxide,  and 
other  gases,  though  differing  in  the  energy  of  their  absorp- 
tion, and  all  of  them  exceeding  carbonic  oxide,  exhibit,  when 
small  and  large  quantities  are  used,  a  similar  deportment 
toward  radiant  heat. 
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(412)  Thua,  then,  in  the  case  of  some  gssoB,  we  find  u  ■!■ 
moet  absolute  ineompetenoe  on  tbe  part  of  their  atomt  to  i» 
tercept  tlie  ethereal  warea,  while  the  atoma  of  ether  guo^ 
fltnick  by  these  Bame  intdulatioiifl,ab«>rit>  their  raotioii,  and  b» 
oome  themaelrea  oentrea  of  heat  We  have  now  to  exaaiN 
wfa^  gaaeona  bodies  aie  oompeteot  to  do  in  this  latter  a^» 
city ;  we  have  to  inquire  whether  these  atoma  and  luulew^ 
which  can  aooept  motion  from  the  ether  in  cuoh  ve>y  dJfiitat 


degrees,  are  not  also  chamcterized  by  their  competency  to''* 
part  motion  to  the  ether  in  different  d^reea ;  or,  to  u»e  "'' 
common  language,  having  learned  something  of  the  power  ol 
different  gasea,  as  ahtorbert  of  radiant  heat,  we  hare  noff  <" 
inquire  into  their  capacities  as  radiators. 

(413)  An  arrangement  is  before  you  by  means  of  wbic" 
we  can  pursue  this  inquiry,     p  (fig.  87)  is  tiie  theniK«l«*^ 
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nle,  with  its  two  oooioal  reflectors ;  b  is  a  double  screen  of 
lolished  tin  ;▲  is  an  argand  burner,  consisting  of  two  conoen- 
lio  perforated  rings ;  c  is  a  copper  ball,  which,  during  the  ex- 
wriments^  is  heated  under  redness ;  while  the  tube  1 1  leads 
o  a  gasholder.  When  the  hot  ball  o  is  placed  on  the  burner, 
t  warms  the  air  in  oontaot  with  it;  an  ascending  current  is 
ibiiB  established,  which,  to  some  extent,  acts  upon  the  pile. 
To  neutralize  this  action,  a  large  Leslie's  cube,  l,  filled  with 
Brater,  a  few  degrees  above  the  air  iri  temperature,  is  placed 
before  the  opposite  iaoe  of  the  pile.  The  needle  being  thus 
brought  to  zero,  the  gas  is  forced,  bj  a  gentle  water  pressure, 
khrougfa  the  orifices  of  the  burner;  it  meets  the  ball  c,  glides 
along  its  surfeuse,  and  ascends,  in  a  warm  current,  in  firont  of 
the  pile.  The  rays  from  the  heated  gas  issue  in  the  direction 
of  the  arrows,  against  the  pile,  and  the  consequent  deflection 
of  the  galTanometer  needle  indicates  the  magnitude  of  the 
radiation. 

(414)  The  results  of  the  experiments  are  given  in  the 
second  column  of  the  foUowing  table ;  the  numbers  there  re- 
corded marking  the  extreme  limit  to  which  the  needle  swung, 
when  the  rajs  from  the  gas  fell  upon  the  pile : 


Air 

Oxygen    . 
Nitrogen 
Hydrogen 
Carbonic  oxide 
Carbonic  acid  . 
Nitrous  oxide 
Olcfiant  gas    . 


Badlatloo, 
Insensible. 

AbBorptlon, 
Insensible. 

• 

ii 

• 

• 

<c 

ii 

• 

ii 

• 

12* 

180* 

18 

260 

29 

440 

58 

61-0 

(415)  In  the  second  column  of  figures  are  placed  the  de- 
flections due  to  the  absorption  of  the  gases  here  employed,  at 
a  common  tension  of  5  inches.  A  comparison  of  the  two 
columns  shows  us  that  radiation  and  absorption  go  hand  in 
hand;  that  the  molecule  which  is  competent  to  intercept  a 
calorific  beam,  is  competent,  in  a  proportionate  degree,  to 
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^tfn^roCe  a  oaloiifio  beam.  That,  in  shorty  a  capacity  to  aoocpi 
motion  from  the  ether,  and  to  impart  motion  to  it,  by  gueooi 
bodies,  are  correUtiye  properties. 

(416)  And  here,  be  it  remarked,  we  are  relieved  firom  al 
considerations  regarding  the  influence  of  cohesion  on  the  f^ 
suits.  In  solids  and  liquids  the  particles  are  more  or  less  in 
thrall,  and  cannot  be  considered  as  individually  free.  The 
difference  in  point  of  radiative  and  absorptive  power,  between 
alum  and  rock-salt,  for*  example,  might  be  fairly  r^^arded  ai  | 
due  to  their  character  as  aggregates,  held  together  by  orystal- 
lizing  force.  But  the  difference  between  olefiant  gas  and  at- 
mospheric air  cannot  be  explained  in  this  way ;  it  is  a  difa^ 
ence  dependent  on  the  individual  molecules  of  these  aub* 
stances ;  and,  thus,  our  experiments  with  gases  and  vapon 
probe  the  question  of  atomic  constitution  to  a  depth  quite  un- 
attainable with  solids  and  liquids. 

(417)  I  have  refrained,  thus  far,  from  giving  you  as  foil » 
tabular  statement  of  the  absorptive  powers  of  gases  and 
vapors  as  the  experiments  made  with  the  apparatus  already 
described  would  enable  me  to  do ;  knowing  that  results,  ob- 
tained with  another  apparatus,  were  in  reserve  which  would 
better  illustrate  the  subject  This  second  arrangement  is  the 
same  in  principle  as  the  fii^t ;  only  two  changes  of  importanoe 
being  made  in  it.  The  first  is  that,  instead  of  making  a  cube 
of  boiling  water  the  soiu*Ge  of  heat,  a  plate  of  copper  is  em- 
ployed, against  which  a  thin  steady  gas-flame  from  a  Bunseo's 
burner  is  caused  to  play ;  the  heated  plate  forms  the  back  of 
our  new  front  chamber,  which  latter  can  be  exhausted  inde- 
pendently, as  before.  The  second  alteration  is  the  substito- 
tion  of  a  tube  of  glass  of  the  same  diameter,  and  2  feet  8  inches 
long,  for  the  tube  of  brass  s  s',  Plate  L  All  the  other  paits 
of  the  apparatus  remain  as  before.  The  gases  were  introduced 
into  the  experimental  tube  in  the  manner  already  described, 
and  from  the  galvanometric  deflection,  consequent  on  the  en- 
trance of.each  gas,  its  absorption  was  calculated. 

(418)  The  following  table  gives  the  relative  absorptioDaof 
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Hterml  gases,  at  a  oommon  pressure  of  one  atmosphere.  It 
mmj  be  remarked  that  the  differences  between  air  and  the 
other  gases  would  be  still  greater  if  the  brass  tube  had  been 
ma^kjjed ;  but  the  use  of  it  would  have  excluded  the  corrosive 
gsses  mentioned  in  the  table : 


80 


AlMorptkmat 


Air 

Oxygen 
Nitrogen    . 
Hjdrogeii 
Chlorine 

Hjdrochloric  acid        • 
(krbonic  oxide 
CSirbonic  add  . 
Nitrous  o^de 
Sulphide  of  hydrogen  . 
Hirsh-gaa  • 
SalpharonB  acid 
defiant  gas 
Ammonia 


8 

62 

.  90 

90 

866 

890 

408 

.   710 

970 

.  1196 


(419)  The  most  powerful  and    delicate  tests  yet  applied 
have  not  enabled  me  to  establish  a  difference  between  oxygen, 
nitrogen,  hydrogen,  and  air.     The  absorption  of  these  sub- 
stances is  exceedingly  small — probably  even  smaller  than  I 
ka?e  assumed  it.     The  more  perfectly  the  above-named  gases 
are  purified,  the  more  closely  does  their  action  approach  to 
that  of  a  vacuum.    And  who  can  say  that  the  best  drying  ap- 
paratus is  perfect  ?    We  cannot  even  say  that  sulphuric  acid, 
however  pure,  may  not  yield  a  modicum  of  vapor  to  the  gases 
passing  through  it,  and  thus  make  the  absorption  by  those 
gases  appear  greater  than  it  ought.     Stopcocks  also  must  be 
greased,  and  hence  may  contribute  an  infinitesimal  impurity  to 
the  air  passing  through  them.     But,  however  this  may  be,  it  is 
certain  that,  if  any  further  advance  should  be  made  in  the 
purification  of  the  more  feebly-acting  gases,  it  will  only  serve 
to  augment  the  enormous  differences  of  absorption  here  ex- 
hibited. 
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(420)  Ammonia,  at  the  tension  of  an  atmosphere,  exerts 
an  absorption  at  least  1,195  times  that  of  air.  If  a  melil 
screen  be  interposed  between  the  pile  and  the  experuQentil 
tube,  the  needle  will  move  a  little,  but  so  Utile  that  yoa  en* 
tirely  fail  to  see  it.  What  does  this  experiment  ][uroYe?  It 
proves  that  this  ammonia,  which,  within  our  glass  tube,  is  is 
transparent  to  light  as  the  air  we  breathe,  is  so  opaque  to  tibe 
heat  radiating  from  our  source  that  the  addition  of  a  plate  of 
metal  hardly  augments  its  opacity.  There  is,  indeed,  reasoo 
to  believe  that  this  light,  transparent  gas  is  really  as  black,  at 
the  present  moment,  to  the  calorific  rays,  as  if  the  expeii* 
mental  tube  were  filled  with  ink,  pitch,  or  any  other  impern- 
ous  substance. 

(421)  With  oxygen,  nitrogen,  hydrogen,  and  air,  the  so- 
tion  of  a  whole  atmosphere  is  so  small,  that  it  would  be  quite 
useless  to  attempt  to  determine  the  action  of  a  finctuKUil 
part  of  an  atmosphere.  Could  we,  however,  make  such  a  d^ 
termination,  the  difference  between  them  and  the  other  gases 
would  come  out  still  more  forcibly  than  in  the  last  taUe.  In 
the  case  of  the  energetic  gases,  we  know  that  the  caloiifio 
rays  are  most  copiously  absorbed  by  the  portion  of  gas  whidi 
first  enters  the  experimental  tube ;  the  quantities  which  enter 
last,  producing,  in  many  cases,  a  merely  infinitesimal  effBoi 
If,  therefore,  instead  of  comparing  the  gases  at  a  cooudod 
pressure  of  one  atmosphere,  we  were  to  compare  them  sis 
common  pressure  of  an  inch,  we  should  doubtless  find  the  & 
ference  between  the  least  absorbent  and  the  most  absorbent 
gases  greatly  augmented.  We  have  already  learned  that 
when  the  absorption  is  small  the  quantity  absorbed  is  propo^ 
tional  to  the  amount  of  gas  present.  Assuming  this  to  be 
true  for  air,  and  for  the  other  feeble  gases  referred  to — taking) 
that  is,  their  absorption  at  1  inch  of  pressure  to  be  -^th  of 
that  at  30  inches — we  have  the  following  comparative  effects. 
It  will  be  understood  that  in  every  case,  except  the  first  four, 
the  absorption  of  1  inch  of  the  gas  was  determined  by  dii^ 
experiment : 
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SelfttiTe  ftbaorptloD  ak 
Name.                                                                                           1  inch  pressure. 
Air  . 1 

Oxygen           ......  1 

Nitrogen  ...•.••  1 

Hydrogen       •           .           ,           •           •           .  1 

Chlorine    ..•••..  60 

Bromine         ...••.  160 

Carbonic  oxide     ..••..  760 

Carbonic  acid             .....  972 

Hydrobromic  acid            .....  1006 

Nitric  oxide    .            .            .            .            .            .  1690 

Nitrous  oxide       ......  1860 

Sulphide  of  hydrogen            ,                       •           .  2100 

Ammonia              ......  5460 

defiant  gas    .•••••  6080 

Solphuroos  acid    ......  6480 

(422)  What  extraordinary  differences  in  the  constitution 
d  character  of  the  ultimate  particles  of  various  gases  do 
2  above  results  reveal !  For  every  ray  intercepted  by  air, 
ygen,  hydrogen,  or  nitrogen,  ammonia  intercepts  5,460; 
^fiant  gas  6,030 ;  while  sulphuric  acid  destroys  6,480.  With 
3se  results  before  us,  we  can  hardly  help  attempting  to  visu- 
ze  the  molecules  themselves,  trying  to  discern^  with  the  eye 
intellect,  the  actual  physical  qualities  on  which  these  vast 
Terences  depend.  These  molecules  are  particles  of  matter, 
inged  in  an  elastic  medium,  accepting  its  motions  and  im- 
rting  theirs  to  it.  Is  the  hope  unwarranted,  that  we  may  ulti- 
ttely  make  radiant  heat  such  a,  feeler  of  atomic  constitution, 
[it  we  shall  be  able  to  infer,  from  their  action  upon  it,  the 
^chanism  of  the  ultimate  particles  of  matter  themselves  ? 

(423)  Have  we,  even  now,  no  glimpse  of  a  relation  between 
sorption  and  atomic  constitution  ?  You  remember  oiu*  ex- 
riments  with  gold,  silver,  and  copper;  you  recollect  how 
3bly  they  radiated,  and  how  feebly  they  absorbed  (§§  340 
d  341).  We  heated  them  by  boiling  water;  that  is  to  say, 
I  imparted,  by  the  contact  of  the  water,  motion  to  their 
3ms ;  but  this  motion  w^as  imparted  with  extreme  slowness 
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bj  the  atoms  to  the  ether  in  which  thej  Bwung.  That  ili6 
atoms  pf  these  bodies  glide  through  the  ether  with  sourody  asf 
resistance  may  also  be  inferred  from  the  lengdi  of  time  lAieh 
they  require  to  cool  in  vacuo.  But  we  have  seen  that  wlm 
the  motion  which  the  atoms  possess,  and  which  they  are  » 
competent  to  transfer  to  the  ether,  is  imparted,  by  contact,  to 
a  coat  of  yamish,  or  of  chalk,  or  of  lamp-blade,  or  even  to  (ha- 
nel  or  velvet,  these  bodies,  being  good  radiators,  soon  traoifef 
the  motion  to  the  ether.  The  same  we  found  true  for  giaa 
and  earthen-ware. 

(424)  In  what  respect  do  these  good  radiators  differ  fron 
the  metals  referred  to  ?  In  one  profound  particular — the  wtl^ 
als  are  elements;  the  others  are  compounds.  In  the  metahi 
the  atoms  vibrate  singly ;  in  the  varnish,  velvet,  earthen-ware, 
and  glass,  they  vibrate  in  groups.  And  now,  in  bodies  as  di- 
verse from  the  metals  as  can  possibly  be  conceived,  we  find 
the  same  significant  £eu3t  making  its  appearance.  Oxygen, 
hydrogen,  nitrogen,  and  air,  are  elements,  or  mixtures  of  de 
ments,  and,  both  as  regards  radiation  and  absorption,  their 
feebleness  is  declared.  They  swing  in  the  ether,  with  scarodj 
any  loss  of  moving  force. 

(425)  It  is  impossible  not  to  be  struck  by  the  positicm  of 
chlorine  and  bromine  in  the  last  table.  Chlorine  is  an  extreme- 
ly dense  and  also  a  colored  gas ;  bromine  is  a  far  more  densd}'' 
colored  vapor ;  still  we  find  them,  as  regards  perviousoess  to 
the  heat  of  our  source,  standing  above  every  transparent  oon- 
pound  gas  in  the  table.  The  act  of  combination  with  hydrogen 
produces,  in  the  case  of  each  of  these  substances,  a  transpareot 
compound ;  but  the  chemical  act,  Vhich  augments  the  tnins- 
parency  to  light,  augments  the  opacity  to  heat ;  hydrochloric 
acid  absorbs  more  than  chlorine ;  and  hydrobromic  acid  ah- 
sorbs  more  than  bromine. 

(426)  Further,  the  element  bromine  is  here  in  the  liquid 
condition ;  a  portion  of  it  enclosed  in  this  glass  cell  is  of « 
thickness  sufficient  to  extinguish  utterly  the  flame  of  a  huop 
or  candle.     But,  when  a  candle  is  placed  in  front  of  the  cell, 
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and  a  thermo-electric  pile  behind  it,  the  prompt  moyement  of 
the  needle  dedares  the  passage  of  radiant  heat  through  the 
bromine.  This  heat  consists  entirely  of  the  obscure  rajs  of  the 
candle,  for  the  light,  as  stated,  is  utterly  cut  oS,  Let  us  re- 
move the  candle,  and  put  in  its  place  a  copper  ball,  heated  not 
quite  to  ledness.  The  needle  at  once  flies  to  its  stops,  show- 
ing the  transparency  of  the  bromine  to  the  heat  emitted  by 
the  balL  It  is  impossible,  I  think,  to  dose  our  eyes  against 
this  oonyergent  evidence  that  the  free  atoms  swing  with  ease 
in  the  ether,  while,  when  grouped  in  oscillating  systems,  they 
cause  its  waves  to  swell,  imparting  to  it,  when  compounded 
into  molecules,  an  amount  of  motion  quite  beyond  their  power 
to  communicate,  as  long  as  they  remained  unoombined.* 

(427)  But  it  will  occur  to  you,  no  doubt,  that  lamp-black, 
which  is  an  elementary  substance,  is  one  of  the  best  absorbers 
and  radiators  in  Nature.  Let  us  examine  this  substance  a  lit- 
tle. Ordinary  lamp-black  contains  many  impurities ;  it  has 
various  hydrocarbons  condensed  within  it,  and  these  hydro- 
carbons are  powerful  absorbers  and  radiators.  Lamp-black, 
therefore,  as  hitherto  appUed,  can  hardly  be  considered  an 
clement  at  all.  I  have,  however,  had  these  hydrocarbons  in 
great  part  removed,  by  carrying  through  red-hot  lamp-black  a 
current  of  chlorine  gas :  but  the  substance  has  continued  to 
be  a  powerful  radiator  and  absorber.  Well,  what  is  lamp- 
black ?  Chemists  will  tell  you  that  it  is  an  allotropic  form  of 
the  diamond :  here,  in  fact,  is  a  diamond  reduced  to  charcoal 
by  intense  heat.  Now,  the  allotropic  condition  has  long  been 
defined  as  due  to  a  difiference  in  the  arrangement  of  a  body's 
particles;  hence,  it  is  conceivable  that  this  arrangement, 
which  causes  such  a  marked  physical  difference  between  lamp- 
black and  diamond,  may  consist  of  an  atomic  grouping,  which 
causes  the  body  to  act  on  radiant  heat  as  if  it  were  a  com- 
pound. Such  an  arrangement  of  an  element,  though  excep- 
tional, is  quite  conceivable ;  and  it  will  afterward  be  shown 

*  I  should  Kke  to  reserve  my  opinion  as  to  the  comparative  strength  of  the 
radiation  of  the  molecule  as  a  whole,  and  that  of  its  constituent  atoms. 
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ikat  this  k  aeliallj'  mi  towimIIj  Oe  OMe^M  npidia 
•llotropie  ftma  of  ov  Ugh^««Mfcolod  ooijgHL 

(438)  Baft^  m  radirf ,  laaipJilMk  is  wA  m  ii^emMi  m 
joa  mighl  m/ppom  it  to  ba  MeDoni  htm  Aawa  ttiobe 
tnnqiarenti  in  aa  VBexpootod  dflgrao^  to  HMiimt  hwt  cimnil* 
ia^  £roM  ft  lov  mm^  awl  tfio  ^nwiiUBiit  noif  to  bo  pop* 
Ibnned  win  oonoboffBte  boL  Tbispkteof  look-Mltibjrbdig 
beldovcra  nMihj lon|s boo beea  m tUeUf  coated wttnoi 
tbatil  does  not  afflow  a  tmoo  of  Hghtfroai  tboanatbriBnft 
gu-jet  to  paaa  tbrangb  it  Between  tbe  onoked  phtBol 
this  Teaad  of  boiliii|^  water,  wbiehbi to w&twb aaoormmerf 
beat,  is  plaoed  a  acroen.  The  lbenM>deoUB  pile  ii  aitti 
otber  aide  of  the  aanked  plata  Wbeo  tbe  aoraea  is  vidh 
drawn,  instantly  tbe  needle  movea  from  aera^  its  final  and  p»* 
maoentdefleotioo  being  6S**.  I  now  rViOMe  tbe  aahperfwBy, 
and  determine  tbera&tion  tibroogbtbe  imainoked  pbte— il 
is  rr.  But  tbe  value  of  tbe  deflection  fiS^,  expressed  wift 
rdereoce  to  oar  usual  unit,  is  85,  and  the  ▼ahie>ol  71%  or  tlis 
total  radiation,  is  about  22i.  Henoe,  tbe  radiatioii  tinoifli 
the  soot  is  to  the  whole  radiaticm  as 

222  :  85  =  100  :  38 


r.; 


that  b  to  saj,  88  per  cent  of  the  incident  heat  has  been  tmtf*   | 
mitted  bj  the  lajer  of  hunp-black:. 

(429)  We  shall  have  to  deal  snbsequentlj  with  hr  more   « 
impressive  illustrations  of  the  diathermanqy  of  opaque  bodies  | 
than  that  here  exhibited  by  lamp-bUck.     Thej  may  reodve  » 
passing  notice  here.    Iodide  of  methyl  is  formed  by  the  union 
of  the  element  iodine  with  the  radical  methyL     Bzposuie 
to  light  usually  sets  a  portion  of  the  iodine  free,  and  colors  the  ? 
liquid  a  rich  brown.     In  a  series  of  experiments  on  the  radia-  ] 
tion  of  heat  through  liquids,  I  compared,  as  regards  their  J 
powers  of  transmission,  a  strongly-colored  specimen  of  the 
iodide  of  methyl  with  a  perfectly  transparent  one ;  there  was 
no  difference  between  them.    The  iodine,  which  produced  so 
marked  an  effect  on  light,  did  not  sensibly  affect  tbe  radiant 
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heat.  Here  are  the  numbers  which  express  the  portion  of  the 
total  radiation  intercepted  by  the  transparent  and  colored 
liquids  respectively : 

AbMvptkm  per  cent. 

Iodide  of  methyl  (transparent) 6S*2 

*"  '«         (itroDgly  colored  with  iodine)  .        .       08*2 

Tlie  source  of  heat,  in  this  case,  was  a  spiral  of  platinum  wire 
raised  to  bright  redness  bj  an  electric  current.  On  looking 
through  the  colored  liquid,  the  incandescent  spiral  was  yisible. 
The  color  was  therefore  intentionally  deepened  by  adding 
iodine,  until  the  solution  was  of  sufficient  opacity  to  cut  off 
wholly  the  light  of  a  brilliant  jet  of  gas.  The  transparency 
of  the  liquid  to  the  radiant  heat  was  not  sensibly  affected  by 
the  addition  of  the  iodine.  The  luminous  heat  was,  of  course, 
cut  off;  but  this,  as  compared  with  the  whole  radiation,  was 
80  small  as  to  be  insensible  in  the  experiments. 

(430)  It  is  known  that  iodine  dissolves  freely  in  the  bisul- 
phide of  carbon,  the  color  of  the  solution  in  thin  layers  being 
a  splendid  purple ;  but  in  layers  of  moderate  thickness  it  may 
be  rendered  perfectly  opaque  to  light.  A  quantity  of  iodine 
was  dissolved  in  the  liquid  sufficient,  when  introduced  into  a 
cell  0'07  of  an  inch  wide,  to  cut  off  the  light  of  the  most  brill- 
iant gas-flame.  Comparing  the  opaque  solution  with  the 
transparent  bisulphide,  the  following  results  were  obtained : 

Absorption. 
Bisulphide  of  carbon  (opaque)  .        .        .        .        12*6 

"  **         (transparent)         .        .  .12-5 

Here  the  presence  of  a  quantity  of  iodine,  perfectly  opaque  to 
a  brilliant  light,  was  without  measurable  effect  upon  the  heat 
emanating  from  our  platinum  spiral. 

(431)  The  same  liquid  was  placed  in  a  cell  0*27  of  an  inch 
in  width ;  that  is  to  say,  a  solution  opaque  to*  light,  at  a  thick- 
ness of  0*07,  was  employed  in  a  layer  of  nearly  four  tiroes  this 
thickness.     Here  are  the  results: 
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Bisulphide  of  carbon  (tnuufMirent)    ....        18*8 
"  "         (opaque) l«-0 

The  difference  between  both  measurements  lies  within  the  lim- 
its of  possible  error. 

(432)  The  light  of  the  electric  lamp  has  already  been  do* 
composed  in  your  presence,  the  spectrum  of  the  light  beinf 
projected  upon  a  white  screen.  For  this  purpose  a  prism  of 
transparent  bisulphide  of  carbon  was  employed.  The  liqiai 
is  contained  in  a  wedge-shaped  flask  with  plain  glass  sides; it 
draws  the  colors  very  widely  apart,  and  produces  a  more  betiir 
tifiil  effect  than  could  be  obtained  with  a  glass  prism.  I  mom 
project  a  little  spectrum  on  this  small  screen,  behind  whioh  b 
placed  the  thermo-electric  pile,  connected  with  the  large  gil* 
vanometer  in  ftout  of  the  table.  The  spectrum,  as  you  ob> 
serve,  is  about  1|-  inch  wide  and  2  inches  long,  its  colors  be- 
ing rendered  very  vivid  by  concentration.  If  the  screcD  were 
removed,  the  red  and  extra-red  end  of  the  spectrum  would  fall 
upon  the  pile  behind,  and  doubtless  produce  a  thermoelectric 
current.  But  we  will  allow  no  light  tcf  fall  upon  the  instru- 
ment ;  my  object  being  to  show  you  that  we  have  here  a 
spectrum  which  you  cannot  see,  and  that  you  may  entirely  de- 
tach the  non-luminous  spectrum  from  the  luminous  one.  Here, 
then,  is  a  second  prism,  filled  with  the  bisulphide  of  carbon, 
in  which  iodine  has  been  dissolved.  I  remove  the  transparent 
prism,  and  put  the  opaque  one  exactly  in  its  place.  The  spec- 
trum has  disappeared ;  there  is  no  longer  a  trace  of  light  upon 
the  screen ;  but  a  thermal  spectrum  is  still  there.  The  obscure 
rays  of  the  electric  lamp  have  traversed  the  opaque  liqui(i» 
have  been  refracted  like  tl\e  luminous  ones,  and  are  now,  though 
invisible,  impinging  upon  the  screen  before  you.  This  is  proved 
by  removing  the  screen  :  no  light  strikes  the  pile,  but  the  he** 
falling  upon  it  is  competent  to  dash  violently  aside  the  needles 
of  our  large  galvanometer. 

(433)  The  action  of  gases  upon  radiant  heat  has  been  al- 
ready illustrated  with  our  glass  experimental  tube  and  ourneW 
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•ouroe  of  heat.  Let  me  now  refer  to  the  acticm  of  vapors,  aa 
examined  with  the  same  apparatus.  Here  are  several  glass 
flasks^  eadi  furnished  with  a  brass  cap,  to  which  a  stop-cock 
can  be  screwed.  Into  each  is  poured  a  quantitj  of  a  volatile 
liquid,  a  flask  being  reserved  for  each  liquid,  so  as  to  render 
the  admixture  of  the  vapors  impossible^  From  each  flask  the 
air  is  caiefiillj  remo  ved-^not  aaiy  the  air  above  the  liquid,  but 
the  air  dissolved  in  it,  this  latter  bubbling  firedy  awa j  when 
the  flask  is  exhausted.  I  now  attach  mj  flask  to  the  exhausted 
experimental  tube,  and  allow  the  vapor  to  enter,  without  per> 
«M*^"g  anj  ebullition  to  occur.  The  merouiy-column  of  the 
pomp  sinks,  and,  when  the  required  depression  has  been  ob- 
tained, the  supply  of  vapor  is  cut  o£  In  this  way,  the  vapors 
of  the  substances  mentioned  in  the  next  table  have  been  ex- 
amined, at  pressures  of  0*1,  0*6,  and  1  inch,  respectively. 

Abaorptkn  of  Vftpon 
•t  the  pveMores 


r" 


••m 


0-1  0«  1*0 

Bisulphide  of  carbon        ....    15  47  S2 

Iodide  of  methyl          ....        85  147  842 

Benzol             66  182  267 

Gblorofonn 85  182  286 

Methylic  alcohol 109  890  690 

Amjlene 182  685  828 

Salpharic  acid 800  710  870 

Alcohol 826  622 

Formic  ether 480  870  1075 

Acetic  ether 690  980  1195 

Propionate  of  ethyl          •        .        •        .  696  970 

Boracic  acid 620 

• 

(434)  These  numbers  refer  to  the  absorption  of  a  whole 
atmosphere  of  dry  air  as  their  unit ;  that  is  to  say,  -jig-th  of  an 
inch  of  bisulphide  of  carbon  vapor  does  fifteen  times  the  exe- 
cution of  30  inches  of  atmospheric  air ;  while  -^th  of  an  inch 
of  boracio^ther  vapor  does  620  times  the  execution  of  a  whole 
atmosphere  of  atmospheric  air.  Comparing  air  at  a  pressure 
of  0*01  with  boracic  ether  at  the  same  pressure,  the  absorption 
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of  the  latter  ia  probably  more  than  180,000  times  that  of  tlie 
former. 

(434a)  It  is  easy  to  show  in  a  general  way  the  absorptioo 
of  radiant  heat  by  vapor.     An  open  tube  will  answer  the  pm>> 
pose  when  quantitative  results  are  not  sought    The  tube  eren 
may  be  dispensed  with,  and  the  vapor  discharged  from  a  slit 
into  the  open  air  between  the  pile  and  the  souiee.    A  few 
specimen  results  obtained  in  this  rough  way  will  suffice  for 
illustration.    Two  cubes  of  boiling  water  are  employed,  and 
in  the  usual  manner  the  needle  was  brought  to  xeio.    Diy  air 
was  then  urged  from  a  gas>bag  (a  common  bellows  would  an- 
swer the  same  pinpose)  throogh  a  Dtebe  containing  fragments 
of  glass,  moistened  with  the  fiquid  whoee  vapor  was  to  be  ex- 
anuned.     The  mixed  air  and  vapor  were  discharged  in  the 
open  air  in  front  of  the  pile,  and  the  extreme  limit  of  the  swing 
of  the  galvanometer  needle  was  noted. 

VvordiiriMfvd  limit  of  fswiog 

tB  t>|i«a  air.  of  needle. 

Solphuriceiber  .....  118* 

Formic  eiber         .  ....  117 

ActfCicether    ...  .  .  92 

Amjleoe  .  .  ...  ^  91 

BwttlpbMieofcarboD  ....  61 

Valeric  ether        ......  82 

BcMoI  ••....  81 

-^»»^*^     •  • 81 

The  influence  of  volatility  here  forces  itself  upon  the  at- 
teution.  The  action,  of  course,  depends  on  the  amount  of  va- 
pcir  discharged,  a  quantity  directly  dependent  on  the  volatility 
^  the  liquid.  It  is  in  consequence  of  its  greater  volatility 
llrtii  bisulphide  of  carbon  is  here  able  to  transcend  the  fu 
iQOie  energetic  aloohoL 
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APPENDIX  TO   CHAPTER   X. 


I  oiTX  here  the  method  of  calibrating  the  galvanometer  which 
KeUoni  recommends,  as  leaving  nothing  to  be  desired  as  regards 
ihflility,  promptness,  and  precision.  His  own  statement  of  the 
Sfllhod,  translated  from  ^  La  Thermodhrose,''  p.  59,  is  as  follows : 

Tvo  small  vesaelsi  y  y,  are  half  filled 
with  meronrj,  and  connected  separately,  ^^'  ^ 

l^  two  short  wires,  with  the  extremities 
ft  o  of  the  galvanometer.  The  vessels 
and  wires  thns  disposed  make  no  change 
in  the  action  of  the  instmment;  the 
thermo-electric  current  being  freelj 
transmitted,  as  before,  from  the  pile  to 
the  galvanometer.  But,  i^  bj  means  of  a 
wire  F,  a  commnnication  be  established 
between  the  two  vessels,  part  of  the  cur- 
rent will  pass  through  tbis  wire  and  return 

to  the  pile.    The  quantity  of  electricity  circulating  in  the  galvanom- 
eter will  be  thus  diminished,  and  with  it  the  deflection  of  the  needle. 

Suppose,  then,  that  by  this  artifice  we  have  reduced  the  galvano- 
metric  deviation  to  its  fourth  or  fifth  part ;  in  other  words,  suppos- 
ing that  the  needle,  being  at  10  or  12  degrees,  under  the  action  of  a 
constant  source  of  heat,  placed  at  a  fixed  distance  from  the  pile, 
descends  to  2  or  8  degrees,  when  a  portion  of  the  current  is  diverted 
by  the  external  wire ;  I  say,  that  by  causing  the  source  to  act  from 
various  distances,  and  observing  in  each  case  the  total  deflection,  and 
the  reduced  deflection,  we  have  all  the  data  necessary  to  determ'ine 
the  ratio  of  the  deflections  of  the  needle  to  the  forces  which  produce 
these  deflections. 

To  render  the  exposition  clearer,  and  to  furnish,  at  the  same  time, 
an  example  of  the  mode  of  operation,  I  will  take  the  numbers  relat- 
ing to  the  application  of  the  method  to  one  of  my  thermo-multi- 
pliers. 
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The  eztomal  ciromt  being  intcrnqyted,  nd  tlie  loiiiiM  of  ki^ 
ing  soffioientlj  distant  from  the  pile  to  give  a  defledtoiaot lawi 
ing  5  degrees  of  the  galvanometer,  let  the  wire  he  plaeed fhaiTtt 
T ;  the  needle  fiJla  to  1*6*.    The  oonneotion  hetweea  the  twt  v«> 
sels  being  again  intermpted,  let  the  aoiiroe  he  hroii|^  aaar  cmi^ 
to  obtain  aaooeflsivelj  the  defleoticma: 

5%  lO*,  16*,  «0*,  S5%  SO*,  S5*,  40*,  U*. 

Interpomng  after  each  the  same  wire  between  TandT,  we  obtain tU 
following  numbers : 

1-6%  s%  4-5%  «•»•,  w,  iw,  15-r,  iw,  »r. 

Aaaaming  the  fbroe  neoeasaiytoeanae  the  needle  to  deaerilMiiih 
of  the  first  degrees  of  the  galvanometer  to  be  eqnil  to  unity,  wtkaii 
the  namber  5  as  the  expresaioa  of  the  foroe  oorreeponding  to  tin 
first  observation.  The  other  fbroea  are  easilj  obtained  bj  the  fw 
portions: 

where  a  represents  the  deflection  when  the  exterior  oiroait  b  dosed. 

We  thus  obtain 

6,  10,  16*2,  21,  88,  t7't 

for  tho  forces,  corresponding  to  the  deflections, 

5',  10%  15%  80%  25%  80*. 

In  this  instrament,  therefore,  the  forces  are  sensibly  proportional 
to  the  area,  up  to  nearlj  15  degrees.  Bejond  this,  the  proportional- 
ity ceases,  and  the  divergence  augments  as  the  arcs  increase  in  siie. 

The  forces  belonging  to  the  intermediate  degrees  are  obtained 
with  great  ease,  either  by  calculation  or  by  grapldoal  construction, 
which  latter  is  sufficiently  accurate  for  these  determinations. 

By  these  means  we  find — 

Degrees  .  .  18%  14%  15%  16%  17%  18%  19%  80%  21*. 
Forces  .  .  13, 141, 15*2, 168, 17*4, 186, 198, 21,  22'8. 
Diflerences    .        .     11,    1-1,    11,    11,    1-2,    1-2,    12,    1-8. 

Degrees  .  .  22%  28%  24%  25%  26%  27%  28%  29%  80'. 
Forces  .  .  28-6,  24-9,  26*4,  28,  297,  815,  88*4,  858, 87-8. 
Diffeiences        .        14,    15,    16,    17,    1-8,    1-9,    1^9,    2. 

*  That  is  to  say,  one  reduced  ourrent  is  to  tiie  total  oorrent  to  which  it 
responds,  as  any  other  redaoed  current  ia  to  its  corresponding  total  ounent 
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la  this  table  we  do  not  take  into  aoooant  anj  of  the  degrees  pre- 
neflinfl  the  18th,  beoanae  the  foroe  oorresponding  to  eaoh  of  them 
pMKWwee  the  aame  yalne  as  the  deflection. 

The  ibroea  oorreqKmding  to  the  first  80  degreea  being  known, 
nothing  ia  earier  than  to  determine  the  yalnea  of  the  forces  corre- 
i|KMiding  to  88,  40,  45  degrees,  and  upward. 

The  reduced  defleotioDa  of  these  three  area 


16-8%  i2-4%  2M*. 

Let  na  consider  them  separatelj ;  commencing  witii  the  first 
In  the  first  place,  then,  16  d^preea,  according  to  onr  calcnlation,  are 
sqoal  to  16-2 ;  we  obtiUn  the  Talne  of  the  decimal  0*8  bj  multiplying 
Uiisfraetfbn  by  the  diflbrence  1*1  which  exists  between  the  16th  and 
I8fh  degreea ;  for  we  haye  evidently  the  proportion 

1 :  1*1  s  0-8 :  a  =  0*8. 

Hie  yalue  of  the  reduced  deflection  corresponding  to  the  86th  degree 
win  not,  therefore,  be  15*8%  but  16*2'*  +  0*8''  s  15•5^  By  dmilar 
considerations  we  find  2H'6'*  +  O-d""  =  24*1%  instead  of  22-4*  and 
80-7^  instead  of  29*7^  for  the  reduced  deflections  of  40  and  46 
degrees. 

It  now  only  remains  to  calculate  the  forces  belonging  to  these 
three  deflections,  16*6*',  24*1%  and  86*7%  by  means  of  the  expression 
S*888  a;  this  gives  us — 

the  forces,  61*7,  808, 122-8 ; 
for  the  degrees,  85,  40,  46. 

Comparing  these  numbers  with  those  of  the  preceding  table,  we 
•ee  that  the  sensitiveness  of  our  galvanometer  diminishes  considera- 
Uy  when  we  use  deflectloDs  greater  than  80  degrees. 
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<  4>5 1  ^CENTS  and  eflSuria  genenll j  have  long  occqM<l 
^  tfe  ftitentioo  of  obeerrmnt  men,  and  they  btve 
f :c=>ed  ciToche  Ohzstntioiis  of  the  "  diTisibility  of  mtttet 
Xr-  cbe^if:  er^er  veighed  the  perfiime  of  a  rose ;  but  in  n* 
ii&z:  beat  ve  hare  a  test  more  refined  than  the  chemist's  bil- 
1Z.-.V.  Tbe  nesi:!^  brought  before  jou  in  our  last  chapter 
vo^i  enaiCe  tcw  to  hear  the  assertion  without  surprise  that 
tb-e  qTS&ntztT  of  Tolatile  matter  reox>Ted  firom  a  hartshonhbotr 

a  • 

tie  by  a=T  person  in  this  room,  bv  a  single  act  of  inhabtioO) 
Tj-uki  exercise  a  moie  potent  action  on  radiant  heat  than  the 
whole  lK>iv  of  oxrgen  and  nitiogen  which  the  room  contaiitf' 
Lei  us  appiv  this  test  to  other  odors,  and  see  whether  they 
also,  notwithstanding  their  abnost  infinite  attenuation,  do  not 
exen^ise  a  measurable  influence  on  radiant  heat. 

{■iS'})  We  will  operate  in  a  very  simple  way.  A  numbtf 
of  small  and  equal  squares  of  bibulous  paper  are  rolled  up  ^ 
as  to  form  linle  cylinders,  each  about  two  inches  in  kngt^* 
Each  paper  cylinder  is  then  moistened  by  dipping  one  end  ^ 
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into  ao  aromatic  oil ;  the  oil  creeps  by  capillaxy  attraction 
trough  the  paper,  until  the  whole  of  the  roll  becomes  moist, 
ie  roll  is  introduced  thus  into  a  glass  tube,  of  a  diameter 
lich  enables  the  paper  cylinder  to  fill  it  without  being 
oeesed,  and  between  the  drying  apparatus  and  the  experi- 
mtal  tube  is  placed  the  tube  containing  the  scented  paper, 
e  experimental  tube  is  now  exhausted,  and  the  needle  at 
t).  Turning  this  cock  on,  dry  air  passes  gently  through 
;  fold  of  the  saturated  paper.  The  air  takes  up  the  per- 
ne  of  the  aromatic  oil,  and  carries  it  forward  into  the  ex- 
rimental  tube.  The  absorption  of  one  atmosphere  of  dry 
we  assume  to  be  unity;  and  any  additional  absorption 
ioh  these  experiments  reveal  must  be  due  to  the  scent 
ich  accompanies  the  air. 

(437)  The  following  table  will  give  a  condensed  view  of 
i  absorption  of  the  substances  mentioned  in  it,  with  refer- 
ee to  the  unit  just  mentioned : 


of  pcrftuno. 
Patchouli 
Sandal-wood 
Geranium 
Oil  of  cloves 
Otto  of  roses    . 
Bcrgamot 
Ncroli  . 
LaTODder  . 
Lemon 
Portugal    . 
Thyme 
Rosemary 
Oil  of  laurel     . 
Camomile  flowers 
Cassia  . 
Spikenard 
Aniseed 


Perfumes. 


>  ti  ■III  iiitl  II  m 

AnMrpuon. 

80 
.      82 

88 
.       34 

87 

44 

47 

60 

65 
.      67 

68 

74 

80 

.      87 

109 

.     856 

872 


(438)  The  number  of  atoms  of  air  here  in  the  tube  must 
regarded  as  almost  infinite,  in  comparison  with  those  of 
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the  odors;  still  the  Imtter,  thinly  soatteied  as  they  an^ inlRi- 
cept,  in  the  case  of  patchouli,  80  times  the  quanti^  afaioriied 
by  the  air ;  otto  of  loses  does  upward  of  86  Umes  the  exeon* 
tion  of  the  air;  thyme,  74  times ;  spikenard,  855  times;  md 
aniseed  372  times.  It  would  be  idle  to  speculate  on  theqiaa- 
tities  of  matter  implicated  in  these  results.  ProhaUy  Ihej 
would  have  to  be  multiplied  by  millions  to  fating  them  sp 
to  the  pressure  of  ordinary  air.    Thus — 

**  The  iweet  louth 
That  breathes  upon  a  bank  of  Tioletay 
Stealing  and  giring  odor,*' 

owes  its  sweetness  to  an  agent,  wfaidi,  tihougb  almoai  in* 
finitely  attenuated,  may  be  more  potent,  as  an  interoqitar  of 
terrestrial  radiation,  than  the  entire  atmosphere  from  ^huik" 
to  sky. 

(439)  In  addition  to  these  experiments  on  the  essential 
oils,  others  were  made  on  aromatic  herbs.    A  number  of  such 
were  obtained  from  Coyent-Gkuden  Market ;  they  were  dry,  in 
the  common  acceptation  of  the  term ;  that  is  to  say,  they 
were  not  green,  but  withered.     Still,  I  fear  the  results  bb* 
tained  with  them  cannot  be  regarded  as  pure,  on  account  of 
the  probable  admixture  of   aqueous  vapor.     The  aromatic 
parts  of  the  plants  were  stuffed  into  a  glass  tube  eighteen 
inches  long  and  a  quarter  of  an  inch  in  diameter.    Previous 
to  connecting  them  with  the  experimental  tube,  they  were  at- 
tached to  a  second  air-pump,  and  dry  air  was  carried  over 
them  for  some  minutes.    They  were  then  connected  with  the 
experimental  cylinder,  and  treated  as  the  essential  oils ;  the 
only  difference  being  that  a  length  of  eighteen  indies,  instead 
of  two,  was  occupied  by  the  herbs. 

Thyme,  thus  examined,  gave  an  action  thirty*three  times 
'^f  the  air  which  passed  over  it. 

ppermint  exercised  thirty-four  times  the  action  of  the-air. 
earmint  exercised  thirty-eight  times  the  action  of  the 
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Lavender  exercised  thirty-two  times  the  action  of  the  air. 

Wormwood  exercised  forty-one  times  the  action  of  the 
air. 

CSnnamon  exercised  fifty-three  times  the  action  of  the  air. 

As  already  hinted,  these  results  may  be  complicated  with 
the  action  of  aqueous  vapor :  its  quantity,  however,  must  have 
been  infinitesima]. 

(440)  There  is  another  substance  of  great  interest  to  the 
chemist,  to  which  we  may  apply  the  test  of  radiant  heat^  but 
the  attainable  quantities  of  it  are  so  minute  as  almost  to  elude 
measurement.  I  mean  that  extraordinary  substance  ozone. 
This  body  is  known  to  be  liberated  at  the  oxygen  electrode, 
when  water  is  decomposed  by  an  electric  current.  To  inves- 
tigate its  action,  three  different  decomposing  cells  were  con- 
structed. In  the  first,  Na  1,  the  platinum  plates  used  as 
electrodes  had  about  four  square  inches  of  surface ;  the  plates 
of  the  second  (No.  2)  had  two  square  inches  of  sur£Ekce ;  while 
the  plates  of  the  third  (No.  3)  had  only  one  square  inch  of 
surface,  each. 

(441)  My  reason  for  using  electrodes  of  different  sizes  was 
this :  On  first  applying  radiant  heat  to  the  examination  of 
os^ne,  I  constructed  a  decomposing  cell,  in  which,  to  diminish 
the  resistance  of  the  current,  very  large  platinum  plates  were 
used.  The  oxygen  thus  obtained,  which  ought  to  have  em- 
braced the  ozone,  showed  scarcely  any  of  the  reactions  of  this 
substance.  It  hardly  discolored  iodide  of  potassium,  and  was 
almost  without  action  on  radiant  heat.  A  second  decompos- 
ing apparatus,  with  smaller  plates,  was  tried,  and  here  the 
action,  both  on  iodide  of  potassium  and  on  radiant  heat,  was 
found  very  decided.  Being  unable  to  refer  these  differences  to 
any  other  cause  than  the  different  magnitudes  of  the  plates,  I 
formally  attacked  the  subject,  by  operating  with  the  three  cells 
above  described.  Calling  the  action  of  the  main  body  of  the 
electrolytic  oxygen  unity,  that  of  the  ozone  which  accom- 
panied it,  in  the  respective  cases,  is  given  in  the  following 
table: 

14 


814  HEAT  AS  A  MODS  OP  MOTIOH. 

Vvmbcr  of  OtlL 

No.  1 

No.  2 U 

No.  8 41 

(442)  Thua,  the  modioum  ofoaoDe  whidi  aooomptaied  tte 
oxygen,  and  in  oompariaon  to  wiuoh  it  is  a  yaoishing  quantify 
exertedy  in  the  case  of  the  fint  pair  of  platei,  an  aetioB 
twenty  times  that  of  the  oxygen  itsdi^  while  wHh  the  And 
pair  of  phtes  the  oaone  was  forty-seven  times  more  eaengfSfi 
than  the  oxygen.  The  influence  of  the  siie  ci  the  {datoi^ori 
in  other  words,  of  the  denHty  of  the  oorrent  where  it  enften 
the  liquid,  on  the  production  of  oeone,  is  rendered  strikini^ 
manifest  by  these  experiments. 

(443)  Portions  of  the  plates  of  cell  Na  2  were  then  ent 

away,  so  as  to  make  them  smaller  than  those  of  Na  &    Tbe 

reduction  of  the  plates  was  accompanied  by  an  increase  d^ 

action  upon  radiant  heat ;  the  absorption  rose  at  once  from 

34  to 

65. 

The  reduced  plates  of  No.  2  here  transcend  those  of  Na  8, 
which,  in  the  first  experiments,  gave  the  largest  action. 

The  plates  of  No.  3  were  next  reduced,  so  as  to  make 

them  smallest  of  all.    The  ozone  now  generated  by  Na  S 

effected  an  absorption  of 

85. 

Thus,  we  see  that  the  action  upon  radiant  heat  advances 
as  the  size  of  the  electrodes  is  diminished. 

Heat  is  known  to  be  very  destructive  of  ozone ;  and,  sus- 
pecting the  development  of  heat  at  the  small  electrodes  of  tbe 
cell  last  made  use  of,  I  surrounded  the  cell  with  a  mixture  of 
pounded  ice  and  salt.     Kept  thus  cool,  the  absorption  of  the 

ozone  generated  rose  to 

136. 

(444)  There  is  a  perfect  correspondence  between  these 
dts,  and  those  of  MM.  de  la  Rave,  Soret,  and  Meidinger, 
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though  there  is  no  resemblance  between  our  respective  modes 
of  experiment.  Such  an  agreement  is  calculated  to  augment 
our  confidence  in  radiant  heat,  as  an  investigator  of  molecular 
condition.* 

(445)  The  quantities  of  ozone  involved  in  the  foregoing 
experiments  must  be  perfectly  unmeasurable  bj  ordinary 
means.  Still,  its  action  upon  radiant  heat  is  so  energetic  as 
to  place  it  beside  olefiant  gas,  or  boradc  ether,  as  an  absorb- 
ent— ^bulk  for  bulk,  it  might  transcend  either.  No  etemefitaty 
gas  that  I  have  examined  behaves  at  all  like  ozone.  In  its 
swing  through  the  ether  it  must  powerfully  disturb  the  medi- 
am.  If  it  be  oxygen,  it  must  be  oxygen-atoms,  packed  into 
groups.     I  sought  to  decide  the  question  whether  it  is  oxy- 

*  M.  Meidinger  commenoes  hU  paper  by  showing  the  absence  of  agree- 
ment between  theory  and  experiment  in  the  decomposition  of  water,  the  dif- 
ference showing  itself  very  decidedly  in  a  deficiency  of  oxygen  when  the  our- 
ftfU  was  stroryj.    On  heating  his  electrolyte,  he  found  that  this  difference  dis- 
appeared, the  proper  quantity  of  oxygen  being  then  liberated.    He  at  once 
surmised  that  the  defect  of  oxygen  might  be  due  to  the  formation  of  ozone; 
but  how  did  the  substance  act  to  produce  the  diminution  of  the  oxygen?    If 
Uie  defect  were  due  to  the  great  density  of  the  ozone,  the  destruction  of  this 
Substance,  by  heat,  would  restore  the  oxygen  to  its  true  volume.    Strong 
loating,  however,  which  destroyed  the  ozone,  produced  no  alteration  of  vol- 
tmc,  hence  M.  Meidinger  concluded  that  the  effect  which  he  observed  was  not 
luo  to  the  ozone  which  remained  mixed  with  the  oxygen  itself.    Ho  finally 
concluded,  and  justified  his  conclusion  by  satisfactory  experiments,  that  the 
OKS  of  oxygen  was  due  to  the  formation,  in  the  water,  of  peroxide  of  hydro- 
gen by  the  ozone ;  t)ie  oxygen  being  thus  withdrawn  from  the  tube  to  which 
t  belonged.    He  also,  as  M.  de  la  Kive  had  previously  done,  experimented 
with  electrodes  of  different  sizes,  and  found  the  loss  of  oxygon  much  more 
>on.siderablc  wlien  a  small  electrode  was  used  than  with  a  large  one;  whence 
be  inferred  that  the  formation  of  ozone  was  facilitated  by  augmenting  the  den- 
tity  of  the  current  at  the  place  where  eLeCtrode  and  eUctrolyie  meet.    The  same 
conclusion  is  deduced  from  the  above  experiments  on  radiant  heat.    No  two 
thin<rs  could  be  more  diverse  than  the  two  modes  of  proceeding.     M.  Mcidin- 
(;er  8ou«?lit  for  the  oxygen  which  had  <Msappeared,  and  found  it  in  the  liquid ; 
I  examined  the  oxygen  actually  liberated,  and  found  that  the  ozone  mixed 
with  it  augments  in  quantity,  as  the  electrodes  diminish  in  size.    It  may  be 
added  that,  since  the  perusal  of  M.  Meidinger*s  paper,  I  have  repeated  his  ex- 
periments with  my  own  decomposition-cells,  and  found  that  those  which  gave 
me  the  jjrreatcst  abRori)tion  also  showed  the  greatest  deficiency  in  the  amount 
of  oxygen  liberated. 
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gen,  or  a  compound  of  hydrogen,  in  the  following  way :  Heat 
destroys  ozone.  If  it  were  oxygen  only,  heat  would  oooTeit 
it  into  the  common  gas ;  if  it  were  the  hydrogen  oompound, 
which  some  chemists  consider  it  to  be,  heat  would  conTOi  it 
into  oxygen,  plus  aqueous  vapor.  The  gas  alone,  admitted 
into  the  experimental  tube,  would  give  the  neutral  aotioD  of 
oxygen,  but  the  gas,  plus  the  aqueous  vapor,  would  probaUj 
give  a  greater  action.  The  dried  electrolytic  gas  was  fint 
caused  to  pass  through  a  glass  tube  heated  to  redness,  and, 
thence,  without  drying,  direct  into  the  experimental  tube; 
Secondly,  after  heating,  it  was  dried  before  entering  the  ex- 
perimental tube.  Hitherto,  I  have  not  been  able  to  estaUisfa, 
with  certainty,  a  di£ference  between  the  dried  and  undried 
gas.  If,  therefore,  the  act  of  heating  develop  aqueous  Tapor, 
the  experimental  means  employed  have  not  yet  enabled  me  to 
detect  it.  For  the  present,  therefore,  I  hold  the  belief  that 
ozone  is  produced  by  the  packing  of  the  atoms  of  elementaiy 
oxygen  into  oscillating  groups ;  and  that  heating  dissolves 
the  bond  of  union,  and  allows  the  atoms  to  swing  sin^j, 
thus  disqualifying  them  for  either  intercepting  or  generating 
the  motion,  which,  as  systems,  they  are  competent  to  inte^ 
ccpt  and  generate.* 

(446)  Your  attention  is  now  to  be  directed  to  a  series  of 
facts  which  surprised  and  perplexed  me,  when  they  were  ob- 
served. I  permitted,  on  one  occasion,  a  quantity  of  alcobol 
vapor,  sufficient  to  depress  the  mercury-gauge  0*5  of  an  inch, 
to  enter  the  experimental  tube ;  it  produced  a  deflection  of 
72°.  While  the  needle  pointed  to  this  high  figure,  and  before 
pumping  out  the  vapor,  I  allowed  dry  air  to  stream  into  the 
tube,  and  happened,  as  it  entered,  to  keep  my  eye  upon  the 
galvanometer. 

*  The  foregoing  conclusion  regarding  the  constitution  of  oione  was  ^^' 
Boribed  at  a  time  when  the  most  eminent  authorities  regarded  ozone  as  ^°* 
Bisting  of  single  atoms,  and  ordinary  oxygon  of  groups  of  atoms.  Obem'**' 
investigations  have  since  independently  established  the  view  suggested  ^7 
tlie  above  experiments  on  radiant  heat. 
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(44?)  The  needle,  to  my  astonishmenty  sank  speedily  to 
sero,  and  went  to  25^  on  the  opposite  side.  The  entiy  of  the 
neffectiye  air  not  only  neutralized  the  absorption  previously 
>b6erved,  but  left  a  considerable  balance  in  favor  of  the  face 
>f  the  pile  turned  toward  the  source.  A  repetition  of  the  ex- 
)eriinent  brought  the  needle  down  from  70^  tozero,  and  sent  it 
o  38^  on  the  opposite  side.  In  like  manner,  a  very  small 
[uantity  of  the  vapor  of  sulphuric  ether  produced  a  deflection 
>f  30° ;  on  allowing  dry  air  to  fill  the  tube,  the  needle  de- 
icended  speedily  to  zero,  and  swung  to  60°  at  the  opposite  side. 

My  first  thought,  on  observing  these  extraordinary  effects, 
w9Sj  that  the  vapors  had  deposited  themselves  in  opaque  films 
m  the  plates  of  rock-salt,  and  that  the  dry  air,  on  entering, 
lad  cleared  these  films  away,  and  allowed  the  heat  from  the 
ource  free  transmission. 

(448)  But  a  moment's  reflection  dissipated  this  supposition. 
Tie  clearing  away  of  such  a  film  could,  at  best,  but  restore 
he  state  of  things  existing  prior  to  the  entrance  of  the  vapor, 
t  might  be  conceived  able  to  bring  the  needle  again  to  0°, 
>ut  it  could  not  possibly  produce  the  negative  deflection. 
Nevertheless,  I  dismounted  the  tube,  and  subjected  the  plates 
f  salt  to  a  searching  examination.  No  such  deposit  as  that 
urmised  was  observed.  The  salt  remained  perfectly  trans- 
larent  while  in  contact  with  the  vapor.  How,  then,  are  the 
iffects  to  be  accounted  for  ? 

(449)  We  have  already  made  ourselves  acquainted  with 
he  thermal  effects  produced  when  air  is  permitted  to  stream 
nto  a  vacuum.  We  know  that  the  air  is  warmed  by  its  col- 
ision  against  the  sides  of  the  receiver.  Can  it  be  that  the 
leat  thus  generated,  imparted  by  the  air  to  the  alcohol  and 
ither  vapors,  and  radiated  by  them  against  the  pile,  was  more 
ban  sufficient  to  make  amends  for  the  absorption  ?  The  ex- 
tyerimentufn  cruets  at  once  suggests  itself  here.  If  the  effects 
)bserved  be  due  to  the  heating  of  the  air,  on  entering  the 
)artial  vacuum  in  which  the  vapor  was  diffused,  we  ought  to 
>btain  the  same  effects,  when  the  sources  of  heat  hitherto 
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made  use  of  SZ6  entirely  aboliihed.  We  tie  thus  kd  to  Am 
ooasideratioD  of  the  novel,  and,  at  first  fliglit|  ottaly  puo* 
doxical  problem — to  determine  the  radiation  and  abaocptioa 
of  ag^  or  vapor  wUhaui  a9^f  §auree  qf  Aieai  Mienudto  tin 
gcueaui  body  iUe^. 

(450)  Let  U8,  then,  erect  oar  affiaratiiai  and  ahaadoo  oar 
two  Bouroes  of  heat.  Here  is  oar  glaaa  tube^  stopped  at  one 
end  by  a  plate  of  glass — for  we  do  not  now  need  the  pssmge 
of  the  heat  throagfa  this  end — and  at  the  other  ead  by  a  pUe 
of  rook-salt  In  front  of  the  salt  is  |daoed  the  pile,  oonneoted 
with  its  galvanometer.  Though  there  is  now  no  qiedal  Bouroe 
of  heat  acting  upon  the  pile,  the  needle  does  not  come  quite 
to  zero ;  indeed,  the  walls  of  this  room,  and  the  people  who 
sit  aromid,  are  so  many  sources  of  heat,  to  neutiaiiae  wiiidi, 
and  thus  to  bring  the  needle  accurately  to  aero,  I  must  aligiitly 
warm  the  defective  face  of  the  pile.  This  is  done  without  uj 
difficulty  by  a  cube  of  lukewarm  water,  placed  at  a  distance; 
the  needle  is  now  at  zera 

(451)  The  experimental  tube  being  exhausted,  air  is  pe^ 
mitted  to  enter,  till  the  tube  is  filled.  This  air  is  at  present 
warm ;  every  one  of  its  atoms  is  oscillating;  and,  if  the  atomB 
possessed  any  sensible  power  of  commimicating  their  motioQ 
to  the  luminiferous  ether,  we  should  have,  from  each  atom,  a 
train  of  waves  impinging  on  the  fetce  of  the  pile.  But  you  ob- 
serve scarcely  any  motion  of  the  galvanometer,  and  hence  may 
infer  that  the  quantity  of  heat  radiated  by  the  air  is  exceed- 
ingly smalL     The  deflection  produced  is  7^* 

(452)  But  these  7°  are  not  really  due  to  the  radiation  of 
the  air.  To  what  then  ?  I  open  one  of  the  ends  of  the  ex- 
perimental tube,  and  place  a  bit  of  black  paper  as  a  lining 
within  it ;  the  paper  merely  constitutes  a  ring,  which  covers 
the  interior  surface  of  the  tube  for  a  length  of  12  inches.  Let 
us  now  close  the  tube  and  repeat  the  last  experiment.  The 
air  is  now  entering ;  but  mark  the  needle — ^it  has  already  flown 
through  an  arc  of  70®.  You  see  here  exemplified  the  influence 
of  this  bit  of  paper  lining ;  it  is  warmed  by  the  air,  and  it  radi- 
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ales  agunst  the  pile  in  this  copious  way.  The  interior  sur- 
face of  the  tube  itself  must  do  the  eame^  though  in  a  less  de- 
gree, and  to  the  radiation  from  this  siu*facey  and  not  from  the 
air  itself^  t^e  deflection  of  7^  which  we  have  just  obtained  is, 
I  believe,  to  be  ascribed. 

(453)  Removing  the  bit  of  lining  from  the  tube,  instead  of 
air  we  will  permit  nitrous  oxide  to  stream  into  it;  the  needle 
swings  to  28^,  thus  showing  the  superior  radiative  power  of 
this  gas  over  that  of  air.  On  working  the  pump,  the  gas 
within  the  experimental  tube  is  chilled ;  and  into  it  the  pile 
pours  its  heat,  a  swing  of  20°  in  the  opposite  direction  being 
the  consequence. 

(454)  Instead  of  nitrous  oxide,  I  allow  olefiant  gas  to  enter 
the  exhai2sted  tube.     We  have  already  learned  that  this  gas 
is  highly  gifted  with  the  power  of  absorption  and  radiation. 
Its  atoms  are  now  warmed,  and  every  one  of  them  asserts  its 
power;  the  needle  swings  through  an  arc  of  67°.    Let  it  waste 
its  heat,  and  let  the  needle  come  to  zero.     On  pumping  out, 
the  chilling  of  the  gas  within  the  tube  produces  a  deflection 
of  40°  on  the  side  of  cold.     We  have  certainly  here  a  key  to 
^  solution  of  the  enigmatical  effects,  observed  with  the  alco- 
hol and  ether  vapor. 

(455)  For  the  sake  of  convenience  we  may  call  the  heating 
of  the  gas  on  entering  the  vacuum  dynamic  Jieating  /  its  radi- 
ation may  be  called  dynamic  radiation^  and  its  absorption, 
vHen  it  is  chilled  by  pumping  out,  dynamic  absorption.  These 
terms  being  understood,  the  following  table  explains  itself, 
h  each  case,  the  extreme  limit  to  which  the  needle  swung,  on 
tbe  entry  of  the  gas  into  the  experimental  tube,  is  recorded. 

Dynamic  Radiation  of  Gases. 

Kame.  Limit  of  firfit  iin])alAloD . 

Oxygen  .....  7 

Hydrogen  .  .  .  .  .7 

Nitrogen  .....  7 
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Kmim.  limtt  cf  fint  trapvltei 

Carbonic  oxide       .  .  .  .  .IS** 

Carboidc  acid  .....        21 
Nitrons  oiide  .  .81 

Olefiantgai      .  .  •  •  •        M 

(456)  We  observe  that  the  order  of  the  radiative  powen, 
determined  in  this  novel  way,  is  the  same  as  that  ak^y  ob- 
tained from  a  totally  di£ferent  mode  of  experiment  It  must 
be  borne  in  mind  that  the  discovery  of  dynamic  radiation  is 
quite  recent,  and  that  the  conditions  of  perfect  accmticy  have 
not  yet  been  developed ;  it  is,  however,  certain  that  the  mode 
of  experiment  is  susceptible  of  the  highest  degree  of  precision. 

(457)  Let  us  now  turn  to  our  vapors,  and  while  dealing 
with  them  I  shall  endeavor  to  unite  two  effects  which,  at  first 
sight,  might  appear  utterly  incongruous.  We  have  already 
learned  that  a  polished  metal  surface  emits  an  extremely  feeble  { 
radiation ;  but  that,  when  the  same  surface  is  coated  with  va^ 
nish,  the  radiation  is  copious.  In  the  communication  of  mo- 
tion to  the  ether  of  space,*  the  atoms  of  the  metal  need  a 
mediator,  and  this  they  find  in  the  varnish*  You  may  varnish 
a  metallic  surface  by  a  film  of  a  powerful  gas.  The  arrange- 
ment before  you  enables  me  to  cause  a  thin  stream  of  defiant 
gas  to  pass  from  the  gasholder  g  (fig.  89)  through  a  slit  tube 
a  by  over  the  heated  surface  of  the  cube  c.  At  present  no  gas 
issues,  and  the  radiation  from  c  is  neutralized  by  that  from 
c' ;  but  now  I  pour  the  gas  from  G  over  the  cube  c ;  and 
though  the  surface  is  actually  cooled  by  the  passage  of  the 
gas,  for  the  gas  has  to  be  warmed  by  the  metal,  the  effect  i« 
to  augment  considerably  the  radiation.  As  soon  as  the  g>s 
begins  to  flow,  the  needle  begins  to  move,  and  reaches  an 
amplitude  of  45°. 

(458)  We  have  here  varnished  a  metal  by  a  gas,  but  a 
more  interesting  and  subtle  effect  is  th^  varnishing  ofo^ 

*  If  wo  could  change  citlier  the  name  given  to  the  interstellar  mediunii  or 
that  given  to  certain  volatile  liquids  by  chemists,  it  would  be  an  advantage 
It  is  difficult  to  avoid  confusion  in  the  use  of  the  same  term  for  object*  ^ 
utterly  diverse. 
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gaseous  body  by  another.  This  flask  contains  acetic  ether,  a 
volatile,  and,  as  you  know,  a  highly-absorbent  substance.  I 
attach  the  flask  to  the  experimental  tube,  and  permit  the 


Fig.  89. 


vapor  to  enter  it,  until  the  mercury  column  has  been  depressed 
half  an  inch.  There  is  now  vapor,  under  half  an  inch  of  press- 
ure, in  the  tube.  I  intend  to  use  that  vapor  as  my  varnish  ; 
the  element  oxygen,  instead  of  the  element  gold,  silver,  or 
copper,  being  the  substance  to  which  this  varnish  is  to  be  ap- 
plied. At  the  present  moment,  the  needle  is  at  zero ;  permit- 
ting dry  oxygen  to  enter  the  tube,  the  gas  is  dynamically 
heated,  and  we  have  seen  its  incompetence  to  radiate  its  heat ; 
but  now  it  comes  into  contact  with  the  acetic  ether  vapor, 
and,  communicating  its  heat-motion  to  the  vapor  by  direct 
collision,  the  latter  is  able  to  send  on  the  motion  to  the  pile. 
Observe  the  needle — it  is  caused  to  swing  through  an  arc  of 
70°  by  the  radiation  from  the  vapor-molecules.  It  is  not 
necessary  to  insist  upon  the  fact,  that  in  this  experiment  the 
vapor  bears  precisely  the  same  relation  to  the  oxygen  as  the 
varnish  to  the  metal,  in  our  former  experiments. 
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(459)  Let  us  wait  a  litde,  and  allow  the  vapor  to  poor 
away  the  heat :  it  is  the  discharger  of  the  calorific  motioii  geo- 
cratcd  by  the  oxygen — ^the  needle  is  again  at  zero.  On  wock- 
ing  the  pump,  the  vapor  within  the  tube  is  chilled,  and  the 
needle  swings  to  nearly  45^  on  the  other  side  of  zera  In  thii 
way,  the  dynamic  radiation  and  absorption  of  the  vapors  men* 
tioned  in  the  following  table  have  been  determined ;  air,  how- 
ever, instead  of  oxygen,  being  the  substance  employed  to  heat 
the  vapor.  The  limit  of  the  first  swing  of  the  needle  is  noted 
as  before. 


Ih/namic  HtMdkUian  and  Ab9orptiofi  of  Vapors, 


DdleotSoot. 

Badlatloii. 

AlNOfptta. 

1.  Bisulphide  of  carbon    . 

.         .14'. 

.         .      6' 

2.  Iodide  of  methyl 

20 

8 

8.  Benzol 

.      80      . 

.    14 

4.  Iodide  of  ethyl 

• 

84 

16 

6.  Mcthylic  alcohol 

.     86      .        , 

.    18 

6.  Chloride  of  amyl 

41 

23 

7.  Amylene    . 

.    48      . 

.    26 

8.  Alcohol 

60 

28 

9.  Sulphuric  ether  . 

.     64      . 

.    84 

10.  Formic  ether 

69 

88 

11.  Acetic  ether 

.     70      . 
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(460)  We  have  here  used  eleven  different  kinds  of  vapor, 
as  varnish  for  our  air,  and  we  find  that  the  dynamic  radiation 
and  absorption  augment  exactly  in  the  order  established  by 
experiments  with  external  sources  of  heat.  We  also  see  hoW 
beautifully  dynamic  radiation  and  absorption  go  hand  in  hand? 
the  one  augmenting  and  diminishing  with  the  other. 

(461)  The  smallness  of  the  quantities  of  matter  concerned 
in  some  of  these  actions  on  radiant  heat  has  been  often  re- 
ferred to ;  and  I  wish  now  to  describe  an  experiment,  which 
shall  furnish  a  more  striking  example  of  this  kind  than  any 
hitherto  brought  before  you.  The  absorption  of  boracic  ether 
vapor  (see  page  305)  exceeds  that  of  any  other  substance  hith- 
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rto  examined  ;  and  its  dynamic  radiation  may  be  preflumed 
0  be  commensurate.  Let  ns  exhaust  the  experimental  tube 
8  perfectly  as  possible^  and  introduce  into  it  a  quantity  of 
lormcio  ether  vapor,  sufficient  to  depress  the  mercury  column 
■g4h  of  an  inch.  The  barometer  stands  to-day  at  80  indies ; 
lence,  the  pressure  of  ihe  ether  vapor  now  in  our  tube  is 
fl^ih  of  an  atmosphere. 

On  sendmg  dry  air  into  the  tube,  the  vapor  is  warmed, 
md  the  dynamic  radiation  produces  the  deflection  56^. 

By  working  the  pump,  I  reduce  the  residue  of  air  within 
it  to  a  pressure  of  0*2  of  an  inch,  or  j^jOi  of  an  atmos^diere. 
iL  portion  of  the  boracic  ether  vapor  remains  of  course  in  the 
tabe,  the  pressure  of  this  residue  being  the  y^ir^  P"^  ^  ^^^ 
3f  the  vapor,  when  it  first  entered  the  tube.  When  dry  air  is 
permitted  to  enter,  the  dynamic  radiation  of  the  residual  vapor 
produces  a  deflection  of  42^ 

We  will  again  work  the  pump  tOl  the  pressure  of  the  air 
within  it  is  0*2  of  an  inch ;  the  quantity  of  ether  vapor  now  in 
the  tube  being  y^th  of  that  present  in  the  last  experiment. 
The  dynamic  radiation  of  this  residue  gives  a  deflection  of  20^. 

Two  additional  experiments,  conducted  in  the  same  way, 
gave  deflections  of  14^  and  10°  respectively.  The  question 
now  is,  What  was  the  tenuity  of  the  boracic  ether  vapor  when 
this  last  deflection  was  obtained  ?  The  following  table  con- 
tains the  answer  to  this  question. 

Dynamic  Radiation  of  Boracic  Bkher. 

P^MBore  in  ptrtB  of  atmosphere.  DefleotkiL 

¥^ir *^** 

T+w  ^  fir  =  45&00     •        •        •  .42 

liw  ^  "riv  X  ^js  =  zjifjsjps       ...        20 

dhr  X  riiF  ^  T^ff  ^  iriv  =  nnmAnnnnr    •       •  .14 

Tin  X  rtir  X  T«ir  ^  i+u  x  jJv  =  hut^ooouoo     •       •       I^ 

(462)  The  air  itself,  warming  the  interior  of  the  tube,  pro- 
duces, as  we  have  seen,  a  deflection  of  7° ;  hence  the  entire 
deflection  of  10^  was  not  due  to  the  radiation  of  the  vapor. 
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Deducting  7^,  it  would  leave  a  lenuoiider  of  8^  Bnt^  mapptm- 
ing  we  entirely  omit  the  last  experiment^  we  caa  then  have 
no  doubt  that  at  least  half  the  defleotioii  14^  is  due  to  the  res- 
due  of  boracic  ether  vapor ;  this  we  find,  bj  strict  measuie- 
menty  would  have  to  be  multiplied  by  one  thousand  milKoiui^ 
to  bring  it  up  to  the  pressure  of  ordinary  atmoqiheric  aii; 

(463)  Another  reflection  here  presents  itself  whidi  is 
worthy  of  our  consideration.  We  have  measured  the  dynam- 
ic radiation  of  olefiant  gas,  by  allowing  the  gas  to  ^iteroor 
tube,  until  the  latter  was  quite  filled.  Let  us  consider  the 
state  of  the  warm  radiating  column  of  olefiant  gas  in  this  a* 
perimcnt.  It  is  manifest  that  those  portions  of  the  odnmo 
most  distant  from  the  pile  must  radiate  through  thegoiw 
fT<mt  of  them^  and,  in  this  forward  portion  of  the  cdlnnm  of 
gas,  a  large  quantity  of  the  rays  emitted  by  its  hinder  portion 
wiU  be  absorbed.  In  fact,  it  is  quite  certain  that,  if  we  made 
our  column  sufficiently  long,  the  frontal  portions  would  act  as 
a  perfectly  impenetrable  screen  to  the  radiation  from  the 
hinder  ones.  Thus,  by  cutting  off  that  part  of  the  gaseoua 
column  most  distant  from  the  pile,  we  might  diminish  only  in 
a  very  small  degree  the  amoimt  of  radiation  which  reaches  the 
pile. 

(464)  Let  us  now  compare  the  dynamic  radiation  of  a 
vapor  with  that  of  olefiant  gas.  In  case  of  our  vapor,  we  use 
only  0*5  of  an  inch  of  pressure,  hence  the  radiating  molecules 
of  the  vapor  are  much  wider  apart  than  those  of  the  olefiant 
gas,  under  60  times  the  pressure ;  and,  consequently,  the  radia- 
tion of  the  hinder  portions  of  the  column  of  vapor  will  have 
a  comparatively  open  door,  through  which  to  reach  the  pile. 
These  considerations  render  it  manifest  that,  in  the  case  of  the 
vapor,  a  greater  length  of  tube  is  available  for  radiation  than 
in  the  case  of  olefiant  gas.  This  leads  further  to  the  conclu- 
sion that,  if  we  shorten  the  tube,  we  shall  diminish  the  radia- 
tion, in  the  case  of  the  vapor,  more  considerably  than  in  that 
of  the  gas.  Let  us  now  bring  our  reasoning  to  the  test  of  ex- 
periment. 
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(465)  We  have  found  the  djnamic  radiatioii  of  the  foUow- 
^  four  substances,  when  the  radiating  oolumn  was  2  feet  9 
ohes  long,  to  be  represented  by  the  annexed  deflections : 

OlefUintgui 68*" 

Solpharic  ether  vapor 64 

Formic  ether 69 

Acetic  ether 10 

)fiant  gas  giving  here  the  least  dynamic  radiation. 

(466)  Experiments  made,  in  precisely  the  same  manner, 
th  a  tube  3  inches  long,  or  -^  of  the  former  length,  gave  the 
lowing  deflections : 

defiant  gas 89*" 

Sulphuric  ether  vapor 11 

Formic  ether 12 

Acetic  ether 16 

e  verification  of  our  reasoning  is  therefore  complete.  It  is 
>ved  that  m  the  long  tube  the  dynamic  radiation  of  the  va- 
r  exceeds  that  of  the  gas,  while  in  a  short  one  the  dynamic 
liation  of  the  gas  exceeds  that  of  the  vapor.  The  result 
>ves,  if  proof  were  needed,  that,  though  di£Fused  in  air,  the 
JOT  molecules  are  really  the  centres  of  radiation. 

(467)  Up  to  the  present  point,  I  have  purposely  omitted  a 
erence  to  the  most  important  vapor  of  all,  as  far  as  our 
•rid  is  concerned — the  vapor  of  water.  This  vapor,  as  you 
ow,  is  always  difiused  through  the  atmosphere.  The  clear- 
:  day  is  not  exempt  from  it:  indeed,  in  the  Alps,  the  purest 
es  are  often  the  most  treacherous,  the  blue  deepening  with 
5  amount  of  aqueous  vapor  in  the  air.  It  is  needless,  there- 
-e,  to  remind  you  that,  when  aqueous  vapor  is  spoken  of^ 
thing  visible  is  meant ;  it  is  not  fog ;  it  is  not  cloud ;  it  is 
t  mist  of  any  kind.  These  are  formed  of  vapor  which  has 
en  condensed  to  water ;  but  the  true  vapor,  with  which  we 
ve  to  deal,  is  an  impalpable  transparent  gas.  It  is  difliised 
cry  where  throughout  the  atmosphere,  though  in  very  differ- 
t  proportions. 
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(468)  To  prove  the  existenoe  of  aqueous  vapor  in  teik 
by  which  we  are  now  surrounded,  a  oopper  vessel,  filled  ta 
hour  ago  with  a  mixture  of  pounded  ioe  and  salt|  is  plaoed  ia 
front  of  the  table.     The  surfikce  of  the  vessel  was  then  UadEp 
but  it  is  now  white — ^furred  all  over  with  hoar-frost— prodnoed 
by  the  condensation,  and  subsequent  congelation  upon  its 
surface,  of  the  aqueous  vapor.    This  white  sufastanoe  cube 
scraped  off;*  as  the  froaen  vapor  is  removed,  tiie  Uack  surfMO 
of  the  vessel  reappears ;  and  now  a  sufficient  quantity  is  col- 
lected to  form  a  respectable  snowbalL    Let  us  go  one  siq^ 
further.    1  place  this  snow  in  a  mould,  and  squeeie  it  befaie 
you  into  a  cup  of  ice ;  and  thus,  without  quitting  this  looa, 
we  have  experimentally  iUustrated  the  manufacture  of  glaoieiii 
from  beginning  to  end.    On  the  (date  of  glass  used  to  coter 
the  vessel,  the  vapor  is  not  congealed,  but  it  is  condensed  lo 
copiously  that,  when  the  plate  is  held  edgeways,  the  water 
runs  off  it  in  a  stream. 

(469)  The  quantity  of  this  vapor  is  smalL     Oxygen  and 
nitrogen  constitute  about  99^  per  cent,  of  our  atmosphere;  of 
the  remaining  0*5,  about  0*4^  is  aqueous  vapor;  *  the  rest  ia 
carbonic  acid.     Had  we  not  been  already  acquainted  with  the 
action  of  almost  infinitesimal  quantities  of  matter  on  radiant 
heat,  we  might  well  despair  of  being  able  to  establish  a  meas- 
urable action,  on  the  part  of  the  aqueous  vapor  of  our  atmos- 
phere.    Indeed,  I  quite  neglected  the  action  of  this  substance 
for  a  time,  and  could  hardly  credit  my  first  result,  which  made 
the  action  of  the  aqueous  vapor  of  our  laboratory  fifteen  times 
that  of  the  air  in  which  it  was  diffused.    This,  however,  by  no 
means  expresses  the  true  relation  between  aqueous  vapor  and 
dry  air. 

(470)  To  illustrate  this  point,  our  first  arrangement,  shown 

*  The  known  tenuity  of  the  aqueooB  vapor  of  the  atmosphere  oaiued  Prot 
Magnus,  when  he  made  Ids  first  experiments  on  the  vapor  of  the  air,  to  saji 
"  that  it  was  evident  beforehand  that  such  vapor  oould  exert  no  sensible  ae- 
tion.'*  Had  he  approached  the  subject,  as  we  have  done,  through  the  forego- 
ing oxperiments,  so  cautious  a  philosopher  would  not,  I  think,  have  made  this 
Btatcment. 
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m  Plate  L,  has  been  resumed,  a  brass  tube  being  employed, 
and  two  sources  of  heat,  acting  on  the  opposite  fiEtces  of  the 
pile.  The  experiment  with  dry  air  is  repeated,  by  permitting 
it  to  enter  the  experimental  cylinder.  The  needle  does  not 
move  sensibly.  If  dose  to  it,  you  would  observe  a  motion 
through  about  one  degree.  Could  we  get  our  air  quite  pure, 
its  action  would  be  even  less  than  this.  Let  us  again  pump 
xit,  and  allow  the  air  of  this  room  to  enter  the  experimental 
cylinder  direct,  without  permitting  it  to  pass  through  the  dry- 
ng  apparatus.  The  needle,  you  observe,  moves  as  the  air 
mters,  and  the  deflection  is  48^.  The  needle  will  point  stead- 
ly  to  this  figure,  as  long  as  the  sources  of  heat  remain  con- 
stant, and  as  long  as  the  air  continues  in  the  tube.  These  48^ 
x>iTe8pond  to  an  absorption  of  72 ;  that  is  to  say,  the  aqueous 
FEpor  contained  in  the  atmosphere  of  this  room  to-day  exerts 
ui  action  oa  the  radiant  heat  72  times  as  powerful  as  that  of 
the  air  itselC 

(471)  This  result  is  obtained  with  perfect  ease,  still  not 
A'ithout  due  care.  In  comparing  dry  with  hiunid  air,  it  is 
perfectly  essential  that  the  substances  be  pure.  You  may 
vork  for  months  with  an  imperfect  drying  apparatus,  and  fail 
o  obtain  air  which  shows  this  almost  total  absence  of  action 
>n  radiant  heat  An  amount  of  organic  impurity  too  small 
o  be  seen  by  the  eye  is  sufficient  to  augment  fiftyfold  the 
iction  of  the  air.  Knowing  the  effect  which  an  almost  infini- 
esimal  amount  of  matter,  in  certain  cases,  can  produce,  you 
ire  better  prepared  for  such  facts  than  I  was,  when  they  first 
breed  themselves  on  my  attention.  The  experimental  result 
vhich  we  have  just  obtained  will,  if  true,  have  so  important 
m  influence  on  the  science  of  meteorology,  that,  before  it  is 
idmitted,  it  ought  to  be  subjected  to  the  closest  scrutiny. 
Tirst  of  all,  then,  look  at  this  piece  of  rock-salt  brought  in 
rom  the  next  room,  where  it  has  stood  for  some  time  near  a 
ank,  but  not  in  contact  with  visible  moisture.  The  salt  is 
vet ;  it  is  an  hygroscopic  substance,  and  freely  condenses  moist- 
irc  upon  its  surface.     Here,  also,  is  a  polished  plate  of  the 
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substance,  which  is  now  quite  dry :  I  breathe  upon  it,  sod  ifr 
stantly  its  affinity  for  moisture  causes  the  vapor  of  mj  bresA 
to  overspread  the  surfEU^e,  in  a  film  which  exhibits  betiutiful^ 
the  colors  of  thin  plates.*  Now  we  know,  from  a  former  tahb 
(page  282),  how  opaque  a  solution  of  rock-salt  is  to  the  oak* 
rific  rays,  and  hence  arises  the  question  whether,  in  the  above 
experiment,  with  undried  air,  we  may  not,  in  reality,  be  meii^ 
uring  the  action  of  a  thin  stratum  of  such  a  solution,  deposited 
on  our  plates  of  salt,  instead  of  the  pure  action  of  the  aqueooi 
vapor  of  the  air. 

(472)  If  we  operate  incautiously,  and,  more  particulailj, 
if  it  be  our  actual  intention  to  wet  the  plates  of  salt,  we  may 
readily  obtain  the  deposition  of  moisture.  This  is  a  point  OQ 
which  any  competent  experimenter  will  soon  instruct  himself; 
but  the  essence  of  good  experimenting  consists  in  the  eido- 
sion  of  circumstances  which  would  render  the  pure  and  simple 
questions,  which  we  intend  to  put  to  Nature,  impure  and  ooo- 
posite  ones.  -^  The  first  way  of  repl3ring  to  the  doubt  hero 
raised  is,  to  examine  oiur  plates  of  salt ;  if  the  experimenti 
have  been  properly  conducted,  no  trace  of  moisture  is  found 
upon  the  surface.  To  render  the  success  of  this  experiment 
more  certain,  we  will  slightly  alter  the  arrangement  of  our 
apparatus.  Hitherto  we  have  had  the  thermo-electric  pile 
and  its  two  reflectors  entirely  otUside  the  experimental  cylifr 
dor.  Taking  this  right-hand  reflector  from  the  pile,  and  i^ 
moving  this  plate  of  rock-salt,  I  push  the  reflector  into  the 
experimental  cylinder.  The  hollow  reflecting  cone  is  "  sprung" 
at  its  base  a  b  (fig,  90),  (this  is  our  former  arrangement,  Plate 
I.,  with  the  single  exception  that  one  of  the  reflectors  of  the 
pile  p  is  now  within  the  tube)  so  that  it  is  held  tightly  by  its 
own  pressure  against  the  inner  surface  of  the  cylinder.    The 

♦  Receiving  the  beam  from  the  electric  lamp  upon  the  polished  plate  of 
salt,  8o  as  to  reflect  the  light  on  to  a  screen,  and  placing  a  lens  in  iVont  of  the 
salt,  so  as  to  produce  an  image  of  its  polished  surface  on  the  screen,  on 
breathing  against  the  salt  through  a  glass  tube,  rings  of  vivid  iridescence  in- 
stantly flash  forth,  which  may  be  seen  by  hundreds  at  onoe.  The  order  of 
the  colors  is  that  of  Newton's  rings. 
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space  between  the  outer  surfiioe  of  the  reflector  and  the  inner 
•urfiue  of  the  tobe  is  filled  with  fragments  of  fused  chloride 
of  calcium,  which  are  prevented  from  £edling  out  by  a  little 
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screen  of  wire  gauze,  and  then  the  plate  of  salt  is  reattached. 
Against  the  inner  surface  of  the  salt  the  narrow  end  of  the 
reflector  now  abuts.  Bringing  the  face  of  the  pile  close  up  to 
the  plate,  though  not  into  actual  contact  with  it,  our  arrange- 
ment is  complete. 

(473)  In  the  first  place,  it  is  to  be  remarked,  that  the  plates 
of  salt  nearest  to  the  source  of  beat  is  never  moistened,  unless 
the  experiments  are  of  the  roughest  character.  Its  proximity 
to  the  source  enables  the  heat  to  chase  away  every  trace  of 
humidity  from  its  surface.  The  distant  plate  is  the  one  in 
danger,  and  now  we  have  the  circumferential  portions  of  this 
plate  kept  perfectly  dry  by  the  chloride  of  calcium.  No  moist 
air  can  at  all  reach  the  rim  of  the  plate ;  while  upon  its  cen- 
tral portion,  measuring  about  a  square  inch  in  area,  we  have 
converged  oitr  entire  radiation.  On  a  priori  grounds,  we 
should  conclude  that  it  is  quite  impossible  for  a  film  of  moist- 
ure to  collect  there ;  and  this  conclusion  is  justified  by  fact. 
Testing,  as  before,  the  dried  and  the  undried  air  of  this  room, 
we  find,  as  in  the  former  instance,  that  the  latter  produces 
seventy  times  the  effect  of  the  former.  The  needle  is  now 
deflected,  by  the  absorption  of  the  undried  air ;  allowing  this 
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air  to  remain  in  the  tube,  we  will  unaorew  the  {dale  of  wt^ 
and  examine  its  surfiM^e.  We  may  even  oae  a  lens  fiortini 
purpose,  taking  care,  however,  that  the  bieath  does  not  tliBn 
the  plate.  It  was  carefully  polished  when  attached  to  tts 
tube ;  it  is  perfectly  polished  now.  Glaaa,  or  KKkrerjM^ 
could  not  show  a  surfiEuse  more  exempt  from  any  j^peaiiMO 
of  moisture.  When  a  dry  handkerchief  placed  over  my  taaga 
is  drawn  along  the  surfiM^e,  no  trace  ia  left  behind.  Then  ii 
not  the  slightest  deposition  of  moisture ;  still,  we  see  tivtaih 
sorption  has  taken  place.  This  experiment  is  conchaive  agalmt 
the  hypothesis  that  the  effects  observed  are  due  to  a  film  of 
brine,  instead  of  to  aqueous  vapor. 

(474)  The  doubt  may,  however,  linger,  tfaat^  although  ve 
are  unable  to  detect  the  film  of  moisture,  it  may  still  be  there. 
This  doubt  is  answered  in  the  following  way :  I  detach  the  at- 
perimental  tube  from  the  firont  chamber,  and  remove  the  two 
plates  of  rock-salt ;  the  tube  is  now  open  aJt  both  ends,  and  my 
aim  will  be  to  introduce  dry  and  moist  air  into  this  open  tube, 
and  to  compare  their  effects  upon  the  radiation.  And  here,  as 
in  all  other  cases,  the  practical  tact  of  the  experimenter  must 
come  into  play.  The  source  on  the  one  hand,  and  the  pile  on 
the  other,  are  now  freely  exposed  to  the  air;  a  very  slight  Bffr 
tation,  acting  upon  either,  would  disturb,  and  might,  indeed, 
altogether  mask,  the  effect  we  seek.    The  air,  then,  must  be 
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30  introduced  into  *he  open  tube,  without  producing  any  com- 
Daotion,  either  near  the  source  or  near  the  pile.  The  length 
of  the  experimental  tubr\j  now  4  feet  3  inches ;  at  c  (fig. 
^1)  is  a  cock  connect^     V  an  India-rubber  bag  oontaining 
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»mmon  air,  and  subjected  by  a  weight  to  gentle  pressure ; 
It  D  is  a  second  cock,  connected  by  a  flexible  tube,  tj  with  an 
iiP'pump.  Between  the  cock  o  and  the  India-rubber  bag,  our 
hying  tubes  are  introduced ;  and,  when  that  cock  is  opened, 
he  air  is  forced  gently  through  the  drying  tubes  into  the  ex- 
lerimental  cylinder.  The  air-pump  is  slowly  worked  at  the 
lame  time,  the  dry  air  being  thereby  drawn  toward  d.  The 
listance  of  o  from  the  source  s  is  18  inches,  and  the  distance 
>f  D  from  the  pile  p  is  12  inches :  the  compensating  cube  c, 
ind  the  screen  h,  serve  the  same  purposes  as  before.  By  thus 
solating  the  central  portion  of  the  tube,  we  can  displace  dry 
lir  by  moist,  or  moist  air  by  dry,  without  permitting  any  agi- 
Ation  to  reach  either  the  source  or  the  pile. 

(475)  At  present  the  tube  is  filled  with  the  common  air 
)f  the  laboratory,  and  the  needle  of  the  galvanometer  points 
iteadily  to  zera  I  allow  air  to  pass  through  the  drying  ap- 
3aratus,  and  to  enter  the  open  tube  at  c,  the  pump  being 
worked  as  already  described.  Mark  the  effect.  When  the 
iiy  air  enters,  the  needle  commences  moving,  and  the  dirco- 
ion  of  its  motion  shows  that  more  heat  is  now  passing  than 
)efore.  The  substitution- of  dry  air  for  the  air  of  the  labora- 
;ory  has  rendered  the  tube  more  transparent  to  the  rays  of 
icat.  The  final  deflection  thus  obtained  is  45°.  Here  the 
leedle  steadily  remains,  and  beyond  this  point  it  cannot  be 
noved  by  any  further  drawing  in  of  dry  air. 

(476)  Let  us  now  shut  off"  the  supply  of  dry  air,  and  cease 
working  the  pump ;  the  needle  sinks,  but  with  great  slowness, 
ndicating  a  correspondingly  slow  difiusion  of  the  aqueous  va- 
x)r  of  the  adjacent  air  into  the  dry  air  of  the  tube.  If  the 
)ump  be  worked,  the  removal  of  the  dry  air  is  hastened,  and 
;he  needle  sinks  more  speedily — ^it  now  points  to  zero.  The 
experiment  may  be  made  a  hundred  times  in  succession  with- 
)ut  any  deviation  from  this  result ;  on  the  entrance  of  the  dry 
lir,  the  needle  invariably  goes  up  to  45°,  showing  augmented 
;ransparency ;  on  the  entrance  of  the  imdried  air,  the  needle 
links  to  0°,  showing  augmented  absorption. 
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{ATI)  But  tbe  afanoiphew  todqr  fa  Bok  Htiintad  ^Ik 
moisture ;  henoe,  if  ntoimted,  we  mif^  eipeai  to  tmi  • 
gtetLtct  aedoo.  I  ranofe  tbs  drji^g  i|i|MnUai|  md  pot  ii  ita 
place  a  U-tube,  filled  with  firagmento  of  ^aaa  woigtened  If 
distilled  water.  Tbioi^  this  tube  air  ia  ioieed  ham  Urn 
India-mbber  bag,  Ae  pump  being  woikedaabeiorei  Weal 
DOW  displaoiiig  tbe  hnmid  air  of  the  lahontoiy  bj  atill  was 
humid  air,  and  see  Ae  ooBBeqaeooe.  The  aeedle  moves  ka 
direction  whidi  indicatea  angmented  opaoilj,  the  fiasl 
tioD  being  15^. 

(478)  Here,  tiien,  we  have  sabataatiallj  the  same 
as  that  obtained  when  our  tube  was  stopped  with  pialmsl 
rock-salt;  the  action,  therefore,  csanot  be  retered  to  a  fibacf 
moisture  deposited  upon  the  sur&oe  of  the  pktoa.  And  ksit 
remarked  that  there  is  not  the  slightest  osprioe  or  umwrtshl/ 
in  these  experiments  when  properlj  conducted.  ThejIsiB 
been  executed  at  different  times  and  seasons ;  the  tubs  bu 
been  dismounted  and  remounted ;  the  suggestions  of  emisMit 
men  who  have  seen  the  experiments,  and  whose  object  it  wm 
to  test  the  results,  have  been  complied  with ;  but  no  deriaiios 
from  the  effects  just  recorded  has'  been  observed*  Hie  eo* 
trance  of  each  kind  of  air  is  invariablj  accompanied  hj  iti 
characteristic  action ;  the  needle  is  imder  the  most  oompMe 
control :  in  sh<»t,  no  experiments  hitherto  made  with  solid  asd 
liquid  bodies  are  more  certain  in  their  execution  than  thefoi^ 
going  experiments  on  dry  and  humid  air. 

(479)  We  can  easily  estimate  the  percentage  of  the  eniiie 
radiation  absorbed  by  the  conmion  air,  between  the  points  o 
and  D.  Introducing  this  tin  screen  between  ihe  experimeald 
cylinder  and  the  pile,  one  of  the  sources  of  heat  is  entiidj 
shut  o£  The  deflection  produced  by  the  other  source  indi- 
cates the  total  mdicUion.  This  deflection  corresponds  tD 
about  780  of  the  units  which  have  been  hitherto  adopted; 
one  unit  being  the  quantity  of  heat  necessary  to  move  the 

f*ed\e  from  0^  to  1^.    The  deflection  of  45^  corresponds  to  62 
its;  out  of  780,  therefore,  62,  in  this  instance,  have  bees 
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nbed  by  tbe  mmst  air.  The  following  atatemeat  gives  us 
absoiptioii  per  Inmclied: 

780  :  100  =  68  ;  19 

■bscxptioD  of  nearly  8  per  cent,  was,  therefore,  eflfooted  by 
ateospherio  TBpor  which  ocoopied  the  tabe  between  o  and 
I^perfeoify  MtOuraied  gives  a  still  greater  absocption. 
[480)  This  absoqition  took  plaoOi  notwithstanding  the 
ial  tufting  of  the  heat|  in  its  passage  from  the  souroe  to  o, 
firom  D  to  the  pile.  The  moist  air,  moreover,  was,  piobap 
only  in  part  displaoed  by  the  dry.  In  other  experiments 
I  a  tube  4  foetlong,  and  polished  within,  it  was  found  that 
atmospherio  vapor,  on  a  day  of  average  dryness,  absorbed 
'  10  per  cent,  of  the  radiation  firom  our  souroe.  Begaiding 
aarUi  as  a  source  of  heat,  no  doubt  at  leaU  10  per  cent  of 
\eai  is  intercepted  within  ten  feet  of  the  stufaoe,*  Tlds 
le  fact  suggests  the  enormous  influence  which  this  newly- 
sloped  property  of  aqueous  vapor  must  have  in  the  phe- 
lena  of  meteorology. 

[480a)  But  we  have  not  yet  disposed  of  all  objections.  It 
been  intimated  to  me  that  the  air  of  our  laboratory  might 
mpure ;  iHe  suspended  carbon-partides  of  the  London  air 
s  also  been  referred  to,  as  a  possible  cause  of  the  absorp- 

ascribed  to  aqueous  vapor.  The  results,  however,  were 
lined,  when  the  apparatus  was  removed  firom  the  labora- 
r — ^they  are  obtainable  in  this  room.  Air,  moreover,  was 
light  from  the  following  localities  in  impervious  bags: 
le  Park,  Primrose  Hill,  Hampstead  Heath,  Epsom  Downs 
%T  the  Grand  Stand) ;  a  field  near  Newport,  Isle  of  Wight ; 

Catharine's  Down,  Isle  of  Wight;  the  sea-beach  near 
ck  Gang  Chine.  ITie  aqueous  vapor  of  the  air  from  all 
rs  locaiitieSy  examined  in  the  usual  toay,  exerted  an  absorp' 
I  seventy  times  that  ^f  the  air  in  which  the  vapor  was  dif 
fed. 

Under  some  circumstanoes,  tbe  absorption,  I  luye  reason  to  beUeve, 
lidembly  exceeds  this  amount. 
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(481)  Again,  I  experimented  thus:  The  air  of  thekbcA- 
tory  was  dried  and  purified,  until  its  abscnptioQ  fell  bdcm 
unity ;  this  purified  air  was  then  led  through  a  U-tube,  fikt 
with  fragments  of  perfectly  dean  glass  moistened  with  £•>' 
tilled  water.  Its  neutrality,  when  dry,  showed  that  all  pi«|ii< 
dicial  substanoes  have  been  removed  from  it,  and,  in  paanvr 
through  the  U-tube,  it  could  take  up  nothing  but  the  pme  f»*^ 
por  of  water.  The  vapor  thus  carried  into  the  expenmenlri^ 
tube  produced  an  action  ninety  times  greater  than  that  o£  As; 
air  which  carried  it. 

(482)  But  fair  and  philosophic  criticism  does  not  end  evet 
here.  The  tube  with  which  these  experiments  were  made  ii 
polished  within,  and  it  might  be  surmised  that  the  vapor  of 
the  humid  air  had,  on  entering,  deposited  itself  upon  the  ia- 
terior  surface  of  the  tube,  thus  diminishing  its  reflective  pcfwtt, 
and  producing  an  effect  apparently  the  same  as  absorption. 
To  this  it  may,  in  the  first  place,  be  replied,  that  the  aroomit 
of  heat  intercepted  is  proportional  to  the  quantity  of  air  pre* 
cnt.  This  is  shown  by  the  following  table,  which  gives  the 
absorption,  by  humid  air,  at  pressures  varying  from  5  to  30 
inches  of  mercury : 


ProAiiiirA 

ITimiid  Air. 

Absori^tion 

ioinchefl. 
6 

Obserrcd. 
.     16 

C4lcabte«L 
16 

10     . 

32 
49 

32 

15 

48 

20     . 

64 

,      82 

64 

26 

80 

80     . 

98 

96 

(483)  The  third  column  on  this  table  is  calculated  on  the 
assumption  that  the  absorption  is  proportional  to  the  quantity 
of  vapor  in  the  tube,  and  the  agreem^t  of  the  calculated  and 
observed  results  shows  this  to  be  the  case,  within  the  limits  of 
the  experiment.  It  cannot  be  supposed  that  effects  so  regO" 
lar  as  these,  and  agreeing  so  completely  with  those  obtained 
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Hith  small  quantities  of  other  vapors,  and  even  with  small 
qnuitities  of  the  permanent  gases,  can  be  due  to  the  oonden- 
m&m  of  ihe  vapor  on  the  interior  sur&ce.  When,  moreover, 
£we  inches  of  air  were  in  the  tube,  less  than  one-sixth  of  the 
vapor  necessary  to  saturate  the  space  was  present.  The  driest 
daj  would  make  no  approach  to  this  dryness.  That  condensa- 
tion, especially  condensation  which  should  destroy,  by  its  ac- 
tion upon  the  inner  reflector,  quantities  of  heat  so  accurately 
proportional  to  the  quantities  of  matter  present,  should  here 
occur,  is  scarcely  to  be  thought  o£ 

(484)  My  desire,  however,  was  to  take  this  important 
question  quite  out  of  the  domain  of  mere  reasoning,  however 
Strang  this  might  be.  It  was,  therefore,  resolved  to  abandon, 
not  only  the  plates  of  rocknsalt,  but  also  the  experimental  tube 
it^lf^  and  to  displace  one  portion  of  the  free  atmosphere  by 
toother.  With  this  view,  the  foUovring  arrangement  was 
made :  c  (fig.  92),  a  cube  of  boiling  water,  is  our  source  of 
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heat.  T  is  a  hollow  brass  cylinder  set  upright,  3*5  inches 
wide,  and  7'5  inches  high,  p  is  the  thermo-electric  pile,  and 
&  a  compensating  cube,  between  which  and  p  is  an  adjusting 
screen,  to  regulate  the  amoimt  of  heat  foiling  on  the  posterior 
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snrfMe  of  the  pile.  Tbe  wbole  amngiemeBt  wia  lummiM 
bj  a  hoarding,  tiie  space  within  whidh  was  difided  into  em 
partments  by  sheets  of  tin,  and  these  spaoes  were  sliM 
loosely  with  paper  or  horse^iair.  Iliefle  preeaiilkyii%wlnflhi» 
quired  time  to  be  learned,  were  necessary  to  prefenfc  thsii^ 
mation  of  local  air<AiRentS|  and  also  to  interospttheiRi^gniv 
aotiiHi  of  the  external  air.  The  effiset  to  be  iieasnred  has 
is  very  small,  and  hence  the  necessity  of  remofing  all  csoM 
of  distm'bance  which  could  possibly  interfere  willi  its  de» 
ness  and  purity. 

(485)  A  rose-burner,  r,  was  phused  at  the  bottom  of  in 
cylinder  Y,  and  from  it  a  tube  passed  to  an  India-fiibber  lag 
containing  air.  The  cylinder  T  was  first  filled  with  fragmeali 
of  rock-crystal,  moistened  with  distilled  water.  On  siAjeflt- 
ing  the  Indiarrubber  bag  to  pressure,  the  air  was  gently  ibmd 
up  among  the  fragments  of  quartz,  and,  having  there  ohaiged 
itself  with  vapor,  it  was  discharged  in  the  space  between  tk 
cube  c  and  the  pile.  Previous  to  this  the  needle  stocd  at 
zero ;  but,  on  the  emergence  of  the  saturated  air  from  the  cyl- 
inder, the  needle  Ynoved  and  took  up  a  final  deflection  of  5 
degrees.  The  direction  of  the  deflection  showed  that  the 
opacity  of  the  space,  between  the  source  c  and  the  pile,  was 
augmented  by  tbe  satimited  air. 

(486)  The  quartz  fragments  were  now  removed,  and  tbe 
cylinder  filled  with  fragments  of  fresh  chloride  of  calcium, 
through  which  the  air  was  gently  forced,  exactly  as  in  the  last 
experiment.     Now,  however,  in  passing  through  the  chloride 
of  calcium,  it  was,  in  great  part,  robbed  of  its  aqueous  vapor; 
and  the  air,  thus  dried,  displaced  the  common  air  between  the 
source  and  the  pile.     The  needle  moved,  declaring  a  permar 
nent  deflection  of  10° ;  the  direction  of  the  deflection  showed 
that  the  transparency  of  the  space  was  augmented  by  the 
presence  of  the  dry  air.     By  properly  timing  the  dischaiges 
of  the  air,  the  swing  of  the  needle  could  be  augmented  to  15^ 
or  20°.    Repetition  showed  no  deviation  from  this  result ;  the 
saturated  air  always  augmented  the  opacity,  the  dry  air  si- 
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178  augmented  the  transpareiicy,  of  the  space  between  the 
jrce  and  the  pila  Not  only,  therefore,  have  the  plates  of 
^-salt  been  abandoned,  but  also  the  experimental  tube 
elf;  and  the  results  are  all  perfectly  concurrent,  as  regards 
I  action  of  aqueous  vapor  upon  radiant  heat. 
(486a)  Many  xemaikaUe  corroborations  of  these  views  have 
m  published  by  that  excellent  meteorologist.  Colonel  Rich- 
1  Strachey,  of  the  Royal  Engineers.  And  his  testimony  is 
the  more  valuable,  as  it  is  based  on  observations  made  long 
Tore  the  property  of  aqueous  vapor  here  developed  was 
own  to  have  an  existence.  From  his  important  paper,  pub- 
lied  in  the  F^osophical  Magazine  for  July,  1866, 1  extract 
lingle  representative  series  of  observations,  made  between 
i  4th  and  the  25th  of  March,  1850;  during  which  period 
he  sky  remained  remarkably  clear,  while  great  variations  in 
i  quantity  of  vapor  took  place."  The  first  column  of  figures 
'es  the  tension  of  aqueous  vapor,  and  the  second  the  fetll  of 
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r.-xvf  x^.  jn«    wr  c/.-x^ 

Cf   jhl*  jn. 

Tenaion  of  vapor. 

Fkll  of  thermometer. 

0-888 

inch 

•                  •                  • 

60' 

0-849 

•                  • 

•             ■ 

7-1 

0-805 

• 

•                  ■                  • 

8-3 

0-749 

(1 

•            ■ 

•                  • 

•             ■ 

8-5 

0-708 

• 

•                  •                  • 

10-8 

C^659 

•                        ■ 

•                           m 

•             ■ 

12-6 

0-606 

It 

• 

•                           •                           • 

12-1 

0-554 

•                           • 

•             • 

18-1 

0-435 

• 

•                           •                           • 

16-5 

The  general  result  is  here  unmistakable.  In  clear  nights 
»  fall  of  the  thermometer,  which  is  an  expression  of  the  en- 
;y  of  the  radiation,  is  determined  by  the  amount  of  trans- 
ient aqueous  vapor  in  the  air.  The  pressure  of  the  vapor 
3cks  the  loss  by  radiation,  while  its  removal  favors  radia- 
n  and  promotes  the  nocturnal  chill. 

(487)   We  shall  subsequently  add  another  powerful  proof 
those  here  given.      Were  the  subject  less  important,  I 
>uld  not  have  dwelt  upon  it  so  long.     It  was  thought  right 
15 
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to  remove  as  £Etr  as  possible  every  objection,  so  that  meten^ 
ologists  might  apply,  without  the  fiEUiitest  misgiving,  the  le- 
suits  of  experiment.  The  applications  of  these  results  to  their 
science  must  be  innumerable ;  and  here  I  cannot  but  regiefc 
that  the  imcompleteness  of  my  knowledge  prevents  me  from 
making  the  proper  applications  mysell  I  would,  howev^, 
ask  your  permission  to  refer  to  such  points  as  oan  now  be 
called  to  mind,  with  which  the  fietcts  just  estaUished  i^ipear 
to  be  more  or  less  intimately  connected. 

(488)  And,  first,  it  is  to  be  remarked,  that  the  vapor  whidi 
absorbs  heat  thus  greedily,  radiates  it  copiously.  This  fut 
must  come  powerfully  into  play  in  the  tropics.  We  know 
that  the  sun  raises  from  the  equatorial  ocean  enormous  quu- 
tities  of  vapor,  and  that  immediately  under  him,  in  the  region 
of  calms,  the  rain,  due  to  the  condensation  of  the  vapw,  de- 
scends in  deluges.  Hitherto,  this  has  been  ascribed  to  ibe 
chilling  which  accompanies  the  expansion  of  ascending  air; 
and  no  doubt  this,  as  a  true  cause,  must  produce  its  propo^ 
tional  effect.  But  the  radiation  from  the  vapor  itself  must 
also  be  influentiaL  Imagine  a  column  of  saturated  air  ascend- 
ing from  the  equatorial  ocean ;  for  a  time,  the  vapor  entangled 
in  this  air  is  surrounded  by  air  almost  fiilly  saturated.  The 
ascending  vapor  radiates,  but  it  radiates  into  the  surrounding 
vapor ;  and  to  the  radiation  from  any  vapor,  the  same  vapor, 
as  proved  by  Kircbhoff,  is  particularly  opaque.  Hence,  for  a 
time,  the  radiation  from  our  ascending  oolunm  is  intercepted, 
and  in  great  part  returned,  by  the  surrounding  vapor ;  con- 
densation under  such  circumstances  is  rendered  difficult.  But 
the  quantity  of  aqueous  vapor  in  the  air  diminishes  speedily 
as  we  ascend ;  the  decrement  of  its  tension,  as  proved  by  the 
observations  of  Hooker,  Strachey,  and  Welsh,  is  much  more 
speedy  than  that  of  the  air ;  and  finally,  our  vaporous  column 
finds  itself  elevated  beyond  the  protecting  screen  which,  du^ 
ing  the  first  portion  of  its  ascent,  was  spread  above  it.  It  is 
now  in  the  presence  of  pure  space,  and  into  space  it  pours  itfl 
beat,  without  stoppage  or  requital.     To  the  loss  of  heat  thus 
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endured,  the  condensation  of  the  vapor,  and  its  torrential  de- 
scent to  the  earth,  must  certainly  he  in  part  ascrihed« 

(489)  ^milar  remarks  apply  to  the  formation  of  cumuli  in 
our  own  latitudes ;  they  are  the  heads  of  columns  of  yapor, 
whidi  rise  from  the  earth's  surface,  and  are  precipitated  as 
soon  as  they  reach  a  certain  elevation.  Thus,  the  visible  doud 
forms  the  capital  of  an  invisible  pillar  of  saturated  aur.  Cer- 
tainly the  top  of  such  a  column,  raised  above  the  lower  vapor- 
screen  which  clasps  the  earth,  and  offering  itself  to  space, 
most  be  chilled  by  radiation ;  in  this  action  alone  we  have  to 
some  extent  a  physical  cause  for  the  generation  of  clouds. 

(490)  Mountains  act  as  condensers,  partly  by  the  coldness 
of  their  own  masses ;  which  they  owe  to  their  elevation. 
Above  them  spreads  no  vapor«creen  of  sufficient  density  to 
intercept  their,  heat,  which  consequently  gushes  unrequited 
into  space.  When  the  sun  is  withdrawn,  this  loss  is  shown 
by  the  quick  descent  of  the  thermometer.  The  descent  is  not 
doe  to  radiation  from  the  air,  but  to  radiation  from  the  earth, 
or  from  the  thermometer  itsell  Thus,  the  difference  between 
a  thermometer  which,  properly  confined,  gives  the  true  tem- 
perature of  the  night  air,  and  one  which  is  permitted  to  radiate 
freely  toward  space,  must  be  greater  at  high  elevations  than 
at  low  ones.  This  conclusion  is  entirely  confirmed  by  obser- 
vation. On  the  Grand  Plateau  of  Mont  Blanc,  for  example, 
MM  Martins  and  Bravais  found  the  difference  between  two 
such  thermometers  to  be  24°  Fahr. ;  when  a  difference  of  only 
10**  was  observed  at  ChamounL 

(491)  But  mountaiiy  also  act  as  condensers,  by  the  dcilec- 
tion  upward  of  moist  winds,  and  the  consequent  expansion  of 
the  air.  The  chilling  thus  produced  is  the  same  as  that  wbicli 
accompanies  the  direct  ascent  of  a  column  of  warm  air  into  the 
atmosphere ;  the  elevated  air  performs  work,  and  its  heat  is 
correspondingly  consumed.  But,  in  addition  to  these  causes, 
we  must  take  into  account  the  radiant  power  of  the  moist  air, 
when  thus  tilted  upward.  It  is  thereby  lifted  beyond  the  pro- 
tection of  the  aqueous  layer  which  lies  close  to  the  earth,  and 
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tberefore  pours  its  heat  freely  into  space,  thus  effecting  its  own 
condensation.  No  doubt,  I  think,  can  be  entertained,  that  the 
extraordinary  energy  of  water  as  a  radiant,  in  aU  U$  Hates  of 
a^jj^ffiUioihy  must  play  a  powerful  part  in  a  mountain-region. 
As  Tapor,  it  pours  its  heat  into  space,  and  promotes  oondensa- 
taoQ ;  as  liquid,  it  pours  its  heat  into  space,  and  promotes  con- 
g^tioQ ;  as  snow,  it  pours  its  heat  into  space,  and  thus  ood- 
Terts  ihe  surfaces  on  which  it  falls  into  m(»e  powerful  con- 
deosers  than  they  otherwise  would  be.  Of  the  numerous 
woaderful  properties  of  water,  not  the  least  important  is  this 
extnccdinary  power  which  it  possesses,  of  discharging  the 
moci^>Q  of  heat  upon  the  interstellar  ether. 

^4d'2)  A  &«edom  of  escape,  similar  to  that  from  bodies  of 
Tap<Y  at  great  elevations,  would  occur  at  the  earth's  surface 
cenerallr,  were  the  aqueous  rapor  removed  from  the  air  above 
i:^  K>r  the  grcat  body  of  the  atmosphere  is  a  practical  vacuum, 
as  re^ranis  the  transmission  of  radiant  heat.     The  withdrawal 
vf  tho  5ua  tr.^m  anr  region  over  which  the  atmosphere  is  dry, 
r.:;:s:  S'  iV'/iv^w  txi  by  quick  refrigeration.     The  moon  would  be 
r.nviertxi    ontirv>lr    uninhabitable  by   beings    like    ourselves 
:::ro:icii  the  oporaiion  of  this  single  cause;  with  a  radiation, 
uuintorrupted  by  aqueous  v:ipor,  the  difference  between  her 
nK^nxhlv  maxima  and  minima  must  be  enormous.     The  winters 
of  Thibet  are  almost   unendurable,    from  the   same   cause. 
Witness  how  the  isothermal  lines  dip  from  the  north  into 
Asia,  in  winter,  as  a  proof  of  the  low  temperature  of  this 
n^srion.     Humboldt  has  dwelt  upon  the  "  frigorific  power  "  of 
the  central  |X)rti()ns  of  this  continent,  and  controverted  the 
idea  that  it  was  lo  be  explained  by  reference  to  the  elevation; 
there  being  vast  expanses  of  country,  not  much  above  the  sea- 
level,  with  an  exceedingly  low  temperature.     But,  not  know- 
ing the  influence  which  we  are  now  studying,  Humboldt,  I 
nitted  the  most  potent  cause  of  the  cold.     The  re- 
it  night  is  extreme  when  the  air  is  dry.     The  re- 
;  single  summer  night,  of  the  aqueous  vapor  from 
lere  which  covers  England,  would  be  attended  by 
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the  destruction  of  every  plant  which  a  freezing  temperature 
could  kill  In  Sahara,  "where  "  the  soil  is  fire  and  the  wind  is 
flame,'*  the  cold  at  night  is  often  painful  to  bear.  Ice  has 
been  formed  in  this  region  at  night.  In  Australia,  also,  the 
diurnal  range  of  temperature  is  very  great,  amounting,  com- 
monly, to  between  40  and  50  degrees.  In  short,  it  may  be 
safely  predicted  that,  wherever  the  air  is  c&y,  the  daily  ther- 
mometric  range  will  be  great.  This,  however,  is  quite  dif- 
ferent from  saying  that,  where  the  air  is  clear j  the  thermomet- 
ric  range  will  be  great.  Great  clearness  to  light  is  perfectly 
compatible  with  great  opacity  to  heat ;  the  atmosphere  may 
be  charged  with  aqueous  vapor  while  a  deep-blue  sky  is  over- 
head, and  on  such  occasions  the  terrestrial  radiation  would, 
notwithstanding  the  '^  clearness,"  be  intercepted. 

(493)  And  here  we  are  led  to  an  easy  explanation  of  a  fact 
which  evidently  perplexed  Sir  John  Leslie.  This  celebrated 
experimenter  constructed  an  instrument 
which  he  named  an  cethrioscape,  the  func- 
tion of  which  was  to  determine  the  radia- 
tion against  the  sky.  It  consisted  of  two 
glass  bulbs  united  by  a  vertical  glass  tube, 
so  narrow  that  a  little  column  of  liquid 
was  supported  in  the  tube  by  its  own  ad- 
hesion. The  lower  bulb,  d  (fig.  93),  was 
protected  by  a  metallic  envelop,  and  gave 
the  temperature  of  the  air;  the  upper 
bulb,  B,  was  blackened,  and  was  surround- 
ed by  a  metallic  cup  c,  which  protected 
the  bulb  from  terrestrial  radiation. 

(494)  "This  instrument,"  says  its  in- 
ventor, "  exposed  to  the  open  air  in  clear 
weather,  will,  at  all  times,  both  during  the 
day  and  the  night,  indicate  an  impression 
of  cold  shot  downward  from  the  higher  re- 
gions. .  .  .  The  sensibility  of  the  instru- 
ment is  very  striking,  for  the  liquor  in- 


^o  HEAT  AS  A  MODE  OF  MOnOK.    . 

cesGutlj  €dls  and  rises  in  the  stem  with  every  pasdng 
dowL  But  the  cause  of  its  TariatioDs  does  not  always  i^ 
pear  so  obfious.  Under  a  fine  blue  sky  the  (xthrioKcpi 
vill  sometinies  indicate  a  cold  of  50  millesimal  degrees ;  yet, 
CO  other  days,  irAeM  tAe  air  ieems  equally  bright^  the  effect  b 
hardly  30^."  This  anomaly  is  simply  doe  to  the  difference  in 
tbe  quantity  of  aqueous  T^por  present  in  the  atmosphere.  In- 
dee*i,  Leslie  himself  connects  the  effect  with  aqneous  yapor  is 
thc«e  words :  ^  The  pressure  of  hygrometric  moisture  in  the 
air  probably  affects  the  instrument.^  It  is  not,  however,  the 
-  pressure  **  •  that  is  effective ;  the  presence  of  invisible  vapor 
interoepted  the  radiation  from  the  (Ethriosccpe,  while  its  tb* 
se::oe  opened  a  door  for  the  escape  of  this  radiation  into 
space.  As  regards  experiments  on  terrestrial  radiation,  a  new 
cer:r*iiion  wiD  have  to  be  given  for  "  a  clear  day ;  '^  it  is  mani- 
ft  SI,  for  example,  that  in  experiments  with  the  pyrheliometer,t 
:wo  days  of  equal  visual  clearness  may  give  totally  different 
iv5u!:s.  We  are  also  enabled  to  account  for  the  fact  that  the 
r.iiLttior.  from  this  instrument  is  often  intercepted,  when  no 
V 1  u.i  is  setTL  Could  we,  however,  make  the  constituents  of 
the  atiK'>5phore.  its  vapor  included,  objects  of  vision,  we  should 
soo  s::55cieni  to  account  for  this  result. 

!4l*o>  Another  interesting  point,  on  which  this  subject  has 
a  hoarinir,  is  the  theorv  of  herein,  "  Most  authors "  writes 
MoIIv^ni,  *•  attribute  to  the  cold  resulting  from  the  radiation  of 
I  ho  air,  the  excessivelv  fine  rain  which  sometimes  falls  in  a 
ole;ir  sky,  dtuing  the  fine  season,  a  few  moments  after  sunset 
.  .  .  But,**  he  continues,  *^  as  no  fact  is  yet  known  which  di- 
rtvtly  proves  the  emissive  power  of  pure  and  transparent  elas- 
tic rtuids^  it  appears  to  me  more  conformable,"  etc.,  etc.  If 
I  ho  difficulty  heiv  urged  against  the  theory  of  serein  be  its 
or.ly  one,  the  theory  wiD  stand,  for  transparent  elastic  fluids 

•  r.^**iMT  the  word  •*  pressure  "  is  •  mUprint  for  "  presence." 
t  Till  insiramont  i*  Je5oril»ed  in  Chapter  XITI. 

X  This  statement  indi^nu^^  the  sUte  of  the  science  of  thcrmotics  in  n'f«r 
ence  to  the  gaseous  form  of  mstter  when  these  researches  were  higun. 
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)royed  to  possess  the  power  of  radiation  which  the 
sumes.  It  is  nol^  however,  to  radiation  from  the  air 
shilling  can  be  ascribed,  but  to  radiation  from  the 
\fj  whose  condensation  produces  the  serein. 
Let  me  add  the  remark  that,  as  far  as  I  can  at  pres- 
3,  aqueous  vapor  and  liquid  water  absorb  the  same 
ajs ;  this  is  another  way  of  stating  that  the  color  of 
3r  is  shared  by  its  vapor.  In  virtue  of  aqueous  vapor, 
sphere  is  therefore  a  blue  medium.  It  has  been  re- 
bat  the  color  of  the  firmamental  blue,  and  of  distant 
Tens  with  the  amount  of  aqueous  vapor  in  the  air ; 
ubstance  which  produces  a  variation  of  depth  must 
ve  as  an  origin  of  color.  Whether  the  azure  of  the 
most  difficult  question  of  meteorology — is  to  be  thus 
1  for,  I  will  not  at  present  stop  to  inquire.* 

—In  a  paper  recently  published  by  him,  Professor  Magnus 
;s  the  views  maiDtained  in  the  foregoing  chapter  regarding 
of  aqueous  vapor.  I  shall  give  the  experiments  and  rea- 
:'  my  eminent  friend  (by  which  I  am  not  convinced)  due 
ion  as  soon  as  I  can  command  the  time. 

1870. — The  fifteenth  chapter  of  this  volume  is  devoted  to 
md  polarization  of  the  light  of  the  sky. 

nection  with  the  investigation  of  the  radiation  and  absorption  of 

es  and  vapors,  it  gives  me  pleasure  to  refer  to  the  prompt  and  in- 

i  rendered  me  by  Mr.  Becker,  of  the  firm  of  Elliott's,  West  Strand. 

is  well  acquainted  with  the  apparatus  necessary  for  those  cxperi- 

•  of  being  led  too  far  from  my  subject  causes  me  to  withhold  all 
as  to  the  cause  of  atmospheric  polarization.    I  may,  liowever,  ra- 
the polarization  of  heat  was  illustrated  by  means  of  the  mica-piles 
Professor  (now  Principal)  J.  D.  Forbes  flrst  succeeded  in  estab- 
fact  of  polarization. 
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APPENDIX  TO  CHAPTER  XL 


EXTRACTS  FROM  ▲  DISCOURSE  **  ON  RADIATION  THROUGH  THE  SASTffI      ! 

ATMOSPITERK." 

*^  NoBODT  ever  obtained  the  idea  of  a  line  from  Enolid's  d^nitioi 
of  it — ^  length  without  breadth.*  The  idea  is  obtained  from  a  real 
physical  line,  drawn  by  a  pen  or  pencil,  and  therefore  possessiiig 
width ;  the  idea  being  afterward  brought,  by  a  process  of  abstrw- 
tion,  more  nearly  into  accordance  with  the  conditions  of  the  defini- 
tion. So,  also,  with  regard  to  physical  phenomena ;  we  must  help 
ourselves  to  a  conception  of  the  invisible,  by  means  of  proper  im- 
ages derived  from  the  visible,  afterward  purifying  our  conceptions  to 
the  needful  extent.  Definiteness  of  conception,  even  though  at 
some  expense  to  delicacy,  is  of  the  greatest  utility  in  dealing  with 
physical  phenomena.  Indeed,  it  may  be  questioned  whether  a  mind 
trained  in  physical  research  can  at  all  eiyoy  peace,  without  having 
made  clear  to  itself  some  possible  way  of  conceiving  those  opera- 
tions which  lie  beyond  the  boundaries  of  sense,  and  in  which  sensi- 
ble phenomena  originate. 

"  When  we  speak  of  radiation  through  the  atmosphere,  we  ought 
to  be  able  to  affix  definite  physical  ideas,  both  to  the  term  atraoft- 
phere  and  the  term  radiation.    It  is  well  known  that  our  atmosphere 
is  mainly  composed  of  the  two  elements,  oxygen  and  nitrogen.    These 
elementary  atoms  may  be  figured  as  small  spheres,  scattered  thickly 
in  the  space  which  immediately  surrounds  the  earth.    They  consti- 
tute about  99}  per  cent,  of  the  atmosphere.  Mixed  with  these  atoms, 
we  have  others  of  a  totally  different  character ;  we  have  the  mole- 
cules, or  atomic  groups,  of  carbonic  acid,  of  ammonia,  and  of  aqne- 
ous  vapor.     In  these  substances  diverse  atoms  have  coalesced,  form- 
ing little  systems  of  atoms.     The  molecule  of  aqueous  vapor,  for 
example,  consists  of  two  atoms  of  hydrogen,  united  to  one  of  oxy- 
gon ;  and  they  mingle,  as  little  triads,  among  the  monads  of  oxygen 
and  hydrogen  which  constitute  the  great  mass  of  the  atmosphere. 
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"These  atoms  and  molecnles  are  separate,  but  thej  are  embraced 
V  A  common  medinm.    Within  onr  atmosphere  exists  a  second  and 
I  fioer  atmosphere,  in  which  the  atoms  of  oxjgen  and  nitrogen  hang 
like  soflpended  grains.    This  finer  atmosphere  unites  not  only  atom 
with  atom,  but  star  with  star ;  and  the  light  of  all  suns,  and  of  all 
fltars,  is  in  reality  a  kind  of  music,  propagated  through  this  inter- 
BteUar  air.    This  image  mast  be  clearly  seized,  and  then  we  have  to 
adrapce  a  step.    We  most  not  only  figure  onr  atoms  suspended  in 
this  medium,  but  vibrating  in  it.    In  this  motion  of  the  atoms  con- 
sists what  we  call  their  heat.     *  What  is  heat  in  us,'  as  Locke  has 
perfectly  expressed  it,  *  is  in  the  body  heated  nothing  but  motion.' 
Well,  we  must  figure  this  motion  communicated  to  the  medium  in 
which  the  atoms  swing,  and  sent  in  ripples  through  it,  with  incon- 
oeiTable  velocity,  to  the  bounds  of  space.    Motion  in  this  form,  un- 
connected with  ordinary  matter,  but  speeding  through  the  inter- 
stellar medium,  receives  the  name  of  Radiant  Heat ;  and,  if  compe- 
tent to  excite  the  nerves  of  vision,  we  coll  it  Light 

*' Aqueous  vapor  was  defined  to  be  an  invisible  gas.  Vapor  was 
)ermitted  to  issue  horizontally  with  considerable  force  from  a  tube 
connected  with  a  smaU  boiler.  The  track  of  the  cloud  of  condensed 
iteam  was  vividly  illuminated  by  the  electric  light.  What  was  seen, 
lowever,  was  not  vapor,  but  vapor  condensed  to  water.  Beyond 
iie  visible  end  of  the  jet,  the  cloud  resolved  itself  into  true  vapor, 
i  lamp  was  placed  under  the  jet,  at  various  points ;  the  cloud  was 
^ut  sharply  oif  at  that  point,  and,  when  the  flame  was  placed  near 
:he  efflux  orifice,  the  clond  entirely  disappeared.  The  heat  of  the 
uiijp  completely  i>revented  precipitation.  The  same  vapor  was  con- 
lensed  and  congealed  on  the  surface  of  a  vessel  containing  a  freez- 
ing mixture,  from  which  it  was  scraped,  in  quantities  sufficient  to 
form  a  small  snowball.  The  beam  of  the  electric  lamp,  moreover, 
Iras  sent  through  a  large  receiver  placed  on  an  air-puuip.  A  single 
itroke  of  the  pump  caused  the  precipitation  of  the  aqueous  vapor 
irithin,  which  became  beautifully  illuminated  by  the  beam ;  while, 
]|K)n  a  screen  behind,  a  richly-colored  halo,  due  to  diflrnction  by  the 
ittle  cloud  within  the  receiver,  flashed  forth. 

**The  waves  of  heat  speed  from  our  earth  through  the  atmosphere 
u>ward  space.  These  waves  dash  in  their  passage  against  the  atoms 
)f  oxygen  and  nitrogen,  and  against  the  molecules  of  aqueous  vapor. 
Hiinly  scattered  as  these  latter  are,  we  might  naturally  think  meanly 
>f  them,  as  barriers  to  the  waves  of  heat.     We  might  imagine  that 
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tlie  wide  spaces  between  the  vapor-moleonlei  wonld  be  an  open  door 
for  the  passage  of  the  undulations ;  and  that,  if  those  wayes  were  at 
all  intercepted,  it  would  be  by  the  snbstanees  whioh  form  W^  pcf 
cent  of  the  whole  atmosphere.  Three  or  four  jears  ago,  howerer, 
it  was  found  bj  the  speaker  that  this  small  modionm  of  aqoeons  va- 
por intercepted  fifteen  times  the  quantity  of  heat  stopped  bj  the 
whole  of  tlie  air  iu  which  it  was  diflhsed.  It  was  afterward  fmmd 
that  the  dry  air  then  experimented  with  was  not  perfeetlypiire; 
and  that^  the  purer  the  air  became,  the  more  it  approached  the  char- 
acter of  a  yacaum,  and  the  greater,  by  comparison,  became  the  aetioo 
of  the  aqueous  vapor.  The  vapor  was  found  to  act  with  80, 40, 60, 
60,  70  times  the  energy  of  the  air  in  which  it  was  diffbsed ;  and  no 
doubt  was  entertiunod  that  the  aqueous  vapor  of  the  air  which  filled 
the  Royal  Institution  Theatre,  during  the  delivery  of  the  discourse, 
absorbed  90  or  100  times  the  quantity  of  radiant  heat  which  was  ab- 
sorbetl  by  the  main  body  of  the  air  of  the  room.  Looking  at  the 
single  atoms,  for  every  200  of  oxygen  and  nitrogen  there  is  about  1 
of  aqneoas  vapor.  This  1  is  80  times  more  powerful  than  the  200 ; 
and  lionce,  comparing  a  single  atom  of  oxygen  or  nitrogen  with  a 
sin^rlo  atom  of  aquoous  vapor,  we  may  infer  that  the  action  of  tbe 
latter  is  16,000  times  that  of  the  former. 

*^  No  doubt  can  exist  of  the  extraordinary  opacity  of  this  snb- 
stiinco  to  the  rays  of  obscure  heat ;  particularly  such  rays  as  are 
emitted  by  the  earth,  after  being  warmed  by  the  sun.  Aqueous  va- 
])()r  in  a  blanket,  more  necessary  to  the  vegetable  life  of  England 
tiiaii  clothing  is  to  man.  Eemove  for  a  single  summer>night  tbe 
iKincoiis  vapor  from  the  air  which  overspreads  this  country,  and  you 
would  assuredly  destroy  every  plant  ca]>able  of  being  destroyed  by  a 
freezing  temperature.  The  warmth  of  our  fields  and  gardens  would 
pour  itself  unrequited  into  space,  and  the  sun  would  rise  upon  an 
island  held  fast  in  the  iron  grip  of  frost.  The  aqueous  vapor  consti- 
tiitos  a  local  dam,  by  wliich  the  temperature  at  the  earth ^s  surface  is 
deepened  :  the  dam,  however,  finally  overflows,  and  we  give  to  space 
all  that  we  receive  from  the  sun. 

^*  The  sun  raises  the  vapors  of  the  equatorial  ocean ;  they  rise, 
but  for  a  time  a  vapor-screen  spreads  above  and  around  them.  But, 
the  hi^'hor  tliey  rise,  the  more  they  come  into  the  presence  of  pure 
space ;  and,  when,  by  their  levity,  they  have  penetrated  the  vapor- 
screen,  which  lies  close  to  the  earth's  surface,  what  must  occur? 

"  It  has  been  said  that,  compared  atom  for  atom,  the  absorption 
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of  an  atom  of  aqueous  vapor  is  16,000  times  that  of  air.  Now,  the 
power  to  absorb  and  the  power  to  radiate  are  perfectly  reciprocal 
and  proportionaL  The  atom  of  aqueous  vapor  n^ill  therefore  radiate 
with  16,000  times  the  energy  of  an  atom  of  air.  Imagine,  then,  this 
powerful  radiant  in  the  presence  of  space,  and  with  no  screen  above 
it  to  check  its  radiation.  Into  space  it  pours  its  heat,  chills  itself, 
condenses,  and  the  tropical  torrents  are  the  consequence.  The  ex- 
pansion of  the  air,  no  doubt,  also  refirigerates  it ;  but^  in  accounting 
for  deluges,  the  chilling  of  the  vapor  by  its  own  radiation  must  play 
a  most  important  part  The  rain  quits  the  ocean  as  vapor;  returns 
to  it  as  water.  How  are  the  vast  stores  of  heat,  set  free  by  the 
change  firom  the  vaporous  to  the  liquid  condition,  disposed  of? 
Doubtless,  in  great  part,  they  are  wasted  by  radiation  into  space. 
Similar  remarks  apply  to  the  cumuli  of  our  latitudes.  The  warmed 
air,  charged  with  vapor,  rises  in  columns,  so  as  to  penetrate  the  va? 
por-screen  which  hugs  the  earth ;  in  the  presence  of  space,  the  head 
of  each  pillar  wastes  its  heat  by  radiation,  condenses  to  a  cumnlas, 
which  constitutes  the  visible  capital  of  an  invisible  column  of  satu- 
rated air.  Numberless  other  metcorologrcal  phenomena  receive 
their  solution  by  rcforcnoe  to  the  radiant  and  absorbent  proporties 
of  aqueous  vapor." 

The  radiant  power  of  a  vapor  is  proportional  to  its  absorbent 
power.  Experiments  on  the  dynamic  radiation  of  dried  and  undried 
air  prove  the  superiority  of  the  latter  as  a  radiator.  The  following 
experiment,  performed  by  Dr.  Frankland  in  the  theatre  of  the  Royal 
Institution,  showed  the  effect  to  a  large  audience :  A  charcoal-chauf- 
fer, 14  inches  high  and  6  inches  in  diameter,  was  placed  in  front  of  a 
tbermo-electric  pile,  and  at  a  distance  from  it  of  two  feet  The  ra- 
diation from  the  cliaulfer  itself  was  intercepted  by  a  metallic  screen. 
Tlie  deflection  duo  to  the  radiation  from  the  ascending  column  of 
hot  carbonic  acid  was  then  carefully  neutralized  by  a  constant  source 
of  heat,  radiating  against  the  opposite  face  of  the  pile.  A  current 
of  steam  was  then  forced  vertically  through  the  chauffer.  The  de- 
flection of  tlio  galvanometer  was  prompt  and  powerful.  "When  the 
current  of  steam  was  interrupted,  the  needle  returned  to  zero. 
When,  instead  of  a  current  of  steam,  a  current  of  air  was  forced 
through  the  chauffer,  the  slight  effect  produced  showed  the  pile  to  be 
chilled  instead  of  warmed.  In  this  experiment  Dr.  Frankland  com- 
pared aqueous  vapor,  not  with  air,  but  with  the  more  powerful  car- 
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mH  nd  demonfltnited  the  wuymUM^  of  Ihe  ti^m  »  n- 


tht  iBOowing  reDiarkaUe  pawagi  from  Hooted  "SailiTa 
,"  lit  edit.  ToL  iL  p.  407,  abo  Imm  npm  Ihe  jrMMii  nA- 
jMl:  **ntNn  A  mnltitade  of  deaoltQiy  oliimiiluM  I  eoDclnlt  tH 
g|  i;400  fiMt»  126-r,  or  6r  abore  the  tempcnton  of  the  lir,  k  tin 
elleet  of  the  ran^s  raja  on  a  hladk-halb  thafinoPitMr, . .  • 
leaulta,  though  greatly  above  thoae  ohtafaMd  at  OaknttaiVi 
ft— th,  if  at  all,  above  what  maj  be  obaerfd  on  the  plain  d 
iadia.  The  effect  is  mnch  increaaed  by  elevatfaa.  At  10,000  fbel^fi 
DetMbfir.  at  0  ▲.  M.,  I  saw  the  meromy  hmmuA  to  ISt*,  while  tki 
tflBperatore  of  shaded  snow  hard  hj  was  8S^  At  IS^lOO  M|fi 
Jmimrj^  at  0  a.  m .,  it  has  stood  08%  with  a  dilferaioe  of  €M*,  aid 
gllO  A.  M.  at  114%  with  a  difference  of  81-4*  «Atls  Oa  fwdMv 
liiianBiiifnr  fin  tke  tnow  had  faUen  at  $¥mHm  U  OJTJ" 

These  enormoos  differences  between  the  shaded  and  the  vasbaM 
iir,  and  between  the  air  and  the  snow,  are,  no  donbti  dne  to  te 
QiMnparative  absence  of  aqneons  vapor  at  these  devattona.  The  iff 
li  iBMMxnpetent  to  chccic  either  the  solar  or  the  terrestrial  radiatioBf 
isi  hence  the  maximnm  heat  in  the  snn  and  the  mazinmin  odd  in  the 
libade  mnst  stand  very  wide  apart.  The  difference  between  Galeotti 
lai  the  plains  of  India  is  accoontod  for  in  the  same  way. 

Dr.  Livingstone,  in  his  '*  Travels  in  South  AfHoa,"  has  given  iobm 
gtoiking  examples  of  the  difference  in  nocturnal  shilling  whsn  the 
air  is  dry  and  when  laden  with  moisture.    Thus  he  finds,  in  Soodi 
Central  Africa  during  the  month  of  June,  *^  the  thermometer  esiiy 
In  the  ukomings  at  from  42°  to  52"" ;  at  noon,  94^  to  96°,  or  a  msin 
^Bffbrence  of  48°  between  sunrise  and  mid-day.    The  range  would 
probably  have^been  found  still  greater  had  not  the  thermometer 
beoi  placed  in  the  sliade  of  his  tent,  which  was  pitched  under  the 
Ihiokest  tree  he  could  find.    He  adds,  moreover,  "  The  sensaticm  of 
Mid  after  the  heat  of  the  day  was  very  keen.    The  Balonda  at  tlus 
aoannn  never  leave  their  fires  till  nine  or  ten  in  the  morning;    As 
ihe  oold  was  so  great  here,  it  was  probably  frosty  at  Linyanti;  I 
therefore  feared  to  expose  my  young  trees  there."  t 

Dr.  Livingstone  afterward  crosses  the  continent  and  reaches  the 

itrer  Zambesi  at  the  beginning  of  the  year.    Hero  the  thermometrie 

lange  is  reduced  from  48°  to  12°.     lie  thus  describes  the  change  he 

'ring  the  valley  of  the  river :  "  We  wore  struck  by  the 

^  vol.  xxvii.  p.  826.  t  LivingRtone's  Travels,  p.  484. 
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lact  that,  as  soon  as  we  oame  between  the  range  of  hills  which  flank 
the  Zambesi,  the  rains  felt  warm.  At  suirise  the  thermometer  stood 
at  from  82^  to  86^ ;  at  mid-da j,  in  the  coolest  shade,  namelj,  in  mj. 
little  tent,  nnder  a  shady  tree,  at  96^  to  98^ ;  and  at  sonset  at  86°. 
This  is  different  from  any  thing  we  experienced  in  the  interior."  * 

Proceeding  toward  the  month  of  the  river,  on  January  16th,  he 
makes  the  following  additional  observation :  *^  The  Zambesi  is  very 
broad  here  (at  Zombo),  but  contains  many  inhabited  islands.  We 
slept  opposite  one  on  the  16th,  called  Shibanga.  The  nights  are 
warm,  the  teroperatare  never  falling  below  80°;  it  was  91°  even 
at  sunset.  One  cannot  cool  the  water  by  a  wet  towel  round  the 
vesseL  .  .  ."f 

In  Central  Australia  the  daily  range  of  the  thermometer  is  still 
greater.  The  following  extract  is  from  a  paper  by  Mr.  W.  8.  Jevons, 
^*  On  some  Data  concerning  the  Climate  of  Australia  and  New  Zea- 
land :'*"...  In  the  interior  of  the  continent  of  Australia  the  fluc- 
tuations of  temperature  are  immensely  increased.  The  heat  of  the 
air,  as  described  by  Captain  Sturt,  is  fearful  during  summer ;  thus,  in 
about  lat.  80°  60'  S.,  and  Ion.  141°  18'  E.,  he  writes :  *  The  thermom- 
eter every  day  rose  to  112°  or  116°  in  the  shade,  while  in  the  direct 
rays  of  the  sun  from  140°  to  160°.'  Again,  *  At  a  quarter-past  three 
p.  M.  on  January  2l8t  (1846),  the  thermometer  had  risen  to  181°  in 
the  shade,  and  to  164°  in  the  direct  rnys  of  the  sun.'  .  .  .  In  the 
winter  the  thermometer  was  observed  as  low  as  24°,  giving  an  ex- 
treme range  of  107°. 

**  The  fluctuations  of  temperature  were  often  very  groat  and  sud- 
den, and  were  severely  felt.  On  one  occasion  (October  26th),  the 
temperature  rose  to  110°  daring  the  day,  but,  a  squall  coming  on,  it 
fell  to  38°  at  the  following  sunrise;  it  thus  varied  72°  in  less  than 
twenty-fonr  hours.  .  .  .  Mitclioll,  on  his  last  journey  to  the  N.  "W. 
interior,  had  9ory  cold  frosty  nights.  On  May  22d,  the  thermometer 
stood  at  12"  in  the  open  air.  .  .  .  Still,  in  the  daytime,  the  air  was 
warm,  and  the  daily  range  of  temperature  was  enormous.  Thus,  on 
June  2d,  the  tberinoineter  rose  from  11°  at  sunrise  to  67°  at  four 
p.  M. ;  or  through  a  range  of  66°.  On  June  12th,  the  range  was  63°, 
and  on  many  other  days  nearly  as  great.*' 

Even  at  Sydney  the  average  daily  range  of  the  thermometer  is 
21°,  while  at  Grconwicb  the  average  daily  range  is  only  17°.  "It 
tlius  appears  tliat  even  close  to  the  ocean  the  mean  daily  range  of  the 

♦  Livingstono's  Travels,  p.  675.  f  Ihid.  p.  589. 
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Aiwtralian  climate  is  very  conridewble.  It  is  least  in  the  gntnmn 
and  greatest  daring  the  cloudless  dajs  of  spring."  After  iriTinR  t 
Uble  of  the  seasonal  variation  of  the  nunfiill  in  Anstralia,  Mr  JeTow 
remarks  that  "it  is  plainly  shown  that  the  most  rainy  season  of  the 
year  on  the  east  coast  is  the  aotnmn,  that  is,  the  three  montk 
March,  Aprd,  May.  The  spring  season  appears  the  driest,  Bommer 
and  winter  being  intermediate." 

Without  quitting  Europe,  we  find  places  where,  while  the  day 
temperatve  is  rery  higli,  the  hour  before  snnrise  is  intenseh  cold 
I  hare  often  experienced  this  in  the  poet-wagons  of  Germany;'  and  I 
am  inteiMd  that  the  Hungarian  peasants,  if  exposed  at  ni^it,  tike 
«r*,  eren  in  hoi  weather,  to  protect  themselves  by  hesTy  oloib 
V*^'^  tJ»  ■octnnial  chilL    The  observations  of  IClf.  Bravais  and 
M^rim  on  the  Grand  Plateau  of  Mont  Blanc  have  been  already  ra- 
Sff?«J  wt    M.  Martins  has  recently  added  to  our  knowledge  by  mtk- 
.V  .^^**TT■?iott*  on  the  heating  (tf  the  soU  at  great  elevations,  nd 
f  :.i»  ..•«  -i*  wnmil  of  the  Pic  dn  ITidi  the  heat  of  the  soil  expowd 
:    '•i'?  *^^  »'•<*''*  tiaJ  of  the  air,  to  be  twice  as  great  as  m  the  vallej 
iZ  V  f  '*w  v-*'  :h*  cocBTAin.     "The  immen5e  heating  of  the  soil" 
%-'«  M-  Mi.-r::»w  -mnnantd  with  that  of  the  air  cm  high  moao- 
T*  i^  >  ti*  =\w  7>f::u.^AMe.  since,  daring  the  nights,  the  oooKng 
> .  -*i  i-,>«  »  lierv  a=,-h  cnPAter  than  in  the  plain."    The  obeerri- 
K  .::.  V  ;-e  Me«.-s.  Srh.'vwitweit  fomMh,  if  J  niistake  not,  nunj 
:.  .<rt;:  ^:^  .V  li*  •.^•ion  ofsqn^us  vapor ;  and  J  do  not  doabtthil 
r.V  -uw  thif  ^-BwtKin  IS  t^t^I.  the  more  clearlv  wni  ;♦  *x2 

:>..  r^U^r  and  aN^.Sen:  powers  of  this  snbstate  ii   mT^ 
.  :=.>^  i»js>rtani  part  in  the  phenomena  of  ml^^C 
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CHAPTER   Xn. 

SmOR  or  HXAT  BT  TOLAnU  UQtriDS— ABMBPIIOV  OT  HIAT  BT  IBB  ▼▲FOBS  OF 
1B0SB  LIQUIDS  AT  A  OOMMOH  PBBWmDfr— ABSOBPTIOH  OF  BBAT  BT  THB  SAMB  TAP0B8 
WBBB  THB  QVABTrmS  OP  TAPOB  ABB  rBOPOBTIOVAL  TO  THB  QVABTRIBS  OF  UQUID 
— OOMPABATITB  TIKW  OF  THB  AOHOB  OF  UQUIDB  ABV  THBIB  TAFOBS  UFOB  BAOIAXT 
HBAT— FHTHOAL  OAUBB  OF  OPAOITT  ABV  TXABBFABBHOT— IHFLCrBBaB  OF  TBMFBBATUBB 
OB  THB  TBABBJflBUOB  OF  BADIABT  BBAT— OHAHOBB  OF  POSITIOB  THBOUOH  OHAHOBB  OF 
TBMFKBATUBB— KADIATIOH  FBOM  FLAXXS— DTFLUBirOB  OF  OSOILLATIKO  FBVIOD  ON  THB 
TBAX8XISSI0H  OF  BADIAITT  HBAT— BXPLAMATIOH  OF  CBBTADf  BBBULTS  OF  MBLLOm  ABO 
KHOBULUCH. 

497)  ^  I  ^HE  natural  philosophy  of  the  future  will  certainly 
-^  for  the  most  part  consist  in  the  investigation  of 
be  relations  subsisting  between  the  ordinary  matter  of  the 
niverse  and  the  wonderful  ether  in  which  this  matter  is  im- 
lersed.  Regarding  the  motions  of  the  ether  itself,  the  optical 
ivestigations  of  the  last  half-century  leave  nothing  to  be  de- 
ired ;  but  regarding  the  atoms  and  molecules,  whence  issue 
he  undulations  of  light  and  heat,  and  their  relations  to  the 
ledium  in  which  they  move,  and  by  which  they  are  set  in  mo- 
ion,  th'  se  investigations  teach  us  little.  To  come  closer  to 
he  origin  of  the  ethereal  waves — to  obtain,  if  possible,  some 
xperimcntal  hold  of  the  oscillating  atoms  themselves — ^has 
>een  the  main  object  of  those  researches  on  the  radiation  and 
bsorption  of  heat  by  gases  and  vapors,  which,  in  brief  out- 
ne,  have  been  sketched  before  you, 

(498)  These  inquiries  have  made  known  the  enormous 
ifferences  existing  between  different  gaseous  molecules,  as 
?gards  their  power  of  emitting  and  absorbing  radiant  heat. 
VTien  a  gas  is  condensed  to  a  liquid,  the  molecules  approach 
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gieoM  «t«te  b  HiumiMmfi  ]KAn«kiki 
and  enthralled,  the  wBhymwrnBag  ether  ilill  i» 
the  molecolea.  11^  then,  the  power  of  nffiatkm  nl 
depend  upon  them  indhridndy^  we  may  eiped 
deportment  towaid  radiant  heai  of  the  free  Bolecub 
itain  itself  after  that  iiiolcenh  haa  idmqmilied  iti 
and  fofmed  part  of  a  liqoid.  If^  on  the  olher  haai, 
the  i>rte  of  aggregation  be  of  paramoiiiiwpnrtancir,  we  my 
cspeet  to  find,  on  the  part  of  liqnida,  a  dqnrtaient  altogedier 
^■ereat  from  that  of  their  vapora.  WUeh  of  these  nm 
ff^Mwqwnds  with  the  truth  of  Natnre,  we  have  now  to  iDqant 

(4M)  Hellooi  examined  the  diadiermanef  of  Yariomli^adik 
b«t  he  at^doyed  for  this  purpose  the  flame  of  an  oiUaln{^oo^ 
^gi  by  a  glass  chimney.  His  liquids,  mowofei,  were  eos* 
^ped  in  glass  cells;  hence,  the  radiation  was  profoimdij 
modified  before  it  entered  the  liquid  at  all,  glass  being  impe^ 
to  a  considerable  part  of  the  emission.  Melloni  mcre- 
did  not  occupy  himself  with  the  questions  of  molecQitf 
physios,  which  to  us  are  of  paramount  interest  In  the  enmi- 
ggtion  of  the  question  now  before  us,  it  was  my  wish  to  inte^ 
§gge  as  litde  as  possible  with  the  primitive  emission,  and  m 
^iparatus  was  therefore  devised  in  which  a  layer  of  liquid,  rf 
^j  thickness,  could  be  enclosed  between  two  polished  plitM 
iif  rock-salt 

(500)  The  apparatus  consists  of  the  following  parts:  ABC 
(tg-  M)  ^  ^  P^^^  ^^  brass,  3*4  inches  long,  2*1  inches  wide, 
(lid  0*3  of  an  inch  thick.  Into  it,  at  its  comers,  are  rigidly 
fsed  four  upright  pillars,  furnished  at  the  top  with  screws,  for 
the  reception  of  the  nuts  qrst.  DEFisa  second  plate  of 
Ikuss,  of  the  same  size  as  the  former,  and  pierced  with  holes 
gt  its  four  comers,  so  as  to  enable  it  to  slip  over  the  four  ool- 
mnns  of  the  plate  Ana  Both  these  plates  are  perforated  by 
ciitnilar  apertures,  m  n  and  op,  1*35  inch  in  diameter,  o  n  i  is 
^  plate  of  glass,  of  the  same  area  as  n  e  f,  and,  like  it) 
fca  oentie  and  its  comers  perforated.    The  plate  o  h  i 
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is  intended  to  separate  the  two  plates  of  rock-salt  which  are 
to  form  the  walls  of  the  cell,  and  its  thickness  determines  that 
of  the  liquid  layer.     The  separating  plate  g  h  i  was  ground 
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with  the  utmost  accuracy,  and  the  sur^Eices  of  the  plates  of 
salt  were  polished  with  extreme  care,  with  a  view  to  rendering 
the  contact  between  the  salt  and  the  brass  water-tight.  In 
practice,  however,  it  was  found  necessary  to  introduce  wash- 
ers of  thin  letter-paper  between  the  plates  of  salt  and  the 
separating  plate. 

(501)  In  arranging  the  cell  for  experiment,  the  nuts  qr  at 
are  unscrewed,  and  a  washer  of  India-rubber  is  first  placed  on 
ABC.  On  this  washer  is  placed  one  of  the  plates  of  rock-salt 
On  the  plate  of  rock-salt  is  laid  the  washer  of  letter-paper, 
and  on  this  again  the  separating  plate  a  h  i.  A  second  wash- 
er of  paper  is  placed  on  this  plate,  then  oomes  the  second  plate 
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of  salt,  on  which  another  India-rubber  washer  is  Uil  The 
plate  D  s  F  is  finally  slipped  over  the  columns,  and  the 
whole  arrangement  is  tightly  screwed  together  by  the  nuts 
q  r  8  L 

(502)  Thus,  when  the  plates  of  rock-salt  are  in  position,  a 
circular  space,  as  wide  as  the  plate  G  H  i  is  thick,  is  enclosed 
between  them,  and  the  space  can  be  filled  with  any  liquid 
through  the  orifice  k.  The  use  of  the  India-rubber  washers  is 
to  relieve  the  crushing  pressure  which  would  be  applied  to  the 
plates  of  salt,  if  they  were  in  actual  contact  with  the  brass; 
and  the  use  of  the  paper  washers  is,  as  already  explained,  to 
render  the  cell  liquid-tights  After  each  experiment,  the  appa- 
ratus is  unscrewed,  the  plates  of  salt  are  removed  and  ihof' 
oughly  cleansed ;  the  cell  is  then  remounted,  and  in  two  or 
three  minutes  all  is  ready  for  a  new  experiment. 

(503)  My  next  necessity  was  a  pefectly  steady  source  of 
heat,  of  sufficient  intensity  to  penetrate  the  most  absorbent  of 
the  liquids  to  be  subjected  to  examination.  This  was  found 
in  a  spiral  of  platinum  wire,  rendered  incandescent  by  an  elec- 
tric current.  The  frequent  use  of  this  source  led  to  the  con- 
struction of  the  lamp  shown  in  ^g.  95.  a  is  a  globe  of  glass 
three  inches  in  diameter,  fixed  upon  a  stand,  which  can  be 
raised  and  lowered.  At  the  top  of  the  globe  is  an  opening, 
into  which  a  cork  is  fitted,  and  through  the  cork  pass  two 
wires,  the  ends  of  which  are  imited  by  the  platinum  spiral  & 
The  wires  are  carried  down  to  the  binding-screws  a  5,  which 
are  fixed  in  the  foot  of  the  stand,  so  that,  when  the  instrument 
is  attached  to  the  battery,  no  strain  is  ever  exerted  on  the 
wires  which  carry  the  spiraL  The  ends  of  the  thick  wire  to 
which  the  spiral  is  attached  are  also  of  stout  platinum,  for 
when  it  was  attached  to  copper  wires  unsteadiness  was  intio- 
duced  through  oxidation.  The  heat  issues  from  the  iocao- 
descent  spiral  by  the  opening  <?,  which  is  an  inch  and  a  half 
in  diameter.  Behind  the  spiral,  finally,  is  a  metallic  reflector, 
r,  which  augments  the  flux  of  heat  without  sensibly  changing 
its  quality.     In  the  open  air  the  red-hot  spiral  is  a  capicioaB 
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Bource  of  heat,  but  surroimded  by  its  glass  globe  its  stfladincsa 
is  admirable.* 

(604)  The  whole  experimental  smngemeDt  will  be  inmw 


diately  understood  from  tbe  sketch  given  in  fig.  tl6.  A  is  the 
platinum  lamp  just  described,  heated  bj  a  current  &om  a 
Grore's  battery  of  five  cells.  Means  were  devised  to  render 
this  lamp  perfectly  constant  throughoat  the  day.  In  front  of 
the  spiral,  and  with  an  interior  reflecting  sur&6e,  is  the  tube 
B,  through  which  the  heat  passes  to  the  rock-salt  cell  a  This 
cell  is  placed  on  a  little  stage,  soldered  to  the  back  of  the  pei^ 
forated  screen  e  s',  so  that  the  heat,  after  having  crossed  the 
cell,  passes  through  the  hole  in  the  screen,  and  afterward  im- 
*  [  lura  had  kIso  limpa  ODnBtmotod  in  wUoh  tfaa  aptral  wu  plwad  in 
MOM,  it*  fjt  pusing  to  eitanul  apM*  duongh  •  pbto  «T  roek-eaU.  Tbdl 
ifaiillnrrM  i>  pcrfsct. 
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liiiges  on  the  thermometric  pile  p.  The  pile  is  placed  at 
lome  distance  from  the  screen  s  s',  so  as  to  render  the  tem- 
Mrature  of  the  cell  o  itself  of  no  account  o'  is  the  com- 
lensating  cube,  containing  water  kept  boiling  bj  steam  from 
he  pipe  p.  Between  the  cube  o'  and  the  pile  p  is  the  screen 
I,  which  regulates  the  amount  of  heat  falling  on  the  posterior 
ftce  of  the  pile.  The  whole  arrangement  is  here  exposed,  but, 
Q  practice,  the  pile  p  and  the  cube  o'  are  carefully  protected 
rom  the  capricious  action  of  the  surrounding  air. 

(505)  The  experiments  are  thus  performed:  The  empty 
ock-salt  cell  o  being  placed  on  its  stage,  a  double  silvered 
creen  (not  shown  in  the  6gure)  is  first  introduced  between 
he  end  of  the  tube  b  and  the  cell  o' ;  the  heat  of  the  spiral 
leing  thus  totally  cut  o£P,  and  the  pile  subjected  to  the  action 
if  the  cube  c  alone.  By  means  of  the  screen  q',  the  heat  re- 
ieived  by  the  pile  from  o  is  reduced  until  the  total  heat  to  be 
idopted  throughout  the  series  of  experiments  is  obtained :  say, 
hat  it  is  suflicient  to  produce  a  galvanometric  deflection  of  50 
iegrees.  The  double  screen  used  to  intercept  the  radiation 
Tom  the  spiral  is  then  gradually  withdrawn,  until  this  radia- 
ion  completely  neutralizes  that  from  the  cube  c',  and  the  nee- 
lie  of  the  galvanometer  points  steadily  to  zero.  The  position 
)f  the  double  screens,  once  fixed,  remains  subsequently  un- 
changed. The  rays  in  the  first  instance  pass  from  the  spiral 
through  the  empty  rock-salt  cell.  A  small  funnel,  supported 
by  a  suitable  stand,  dips  into  the  aperture  which  leads  into 
the  cell,  and  through  this  the  liquid  is  poured.  The  introduc- 
tion of  the  liquid  destroys  the  previous  equilibrium,  the  galva- 
lometer  needle  moves,  and  finally  assumes  a  steady  deflection. 
From  this  deflection  we  can  immediately  calculate  the  quantity 
)f  heat  absorbed  by  the  liquid,  and  express  it  in  hundredths 
)f  the  entire  radiation. 

(506)  The  experiments  were  executed  with  eleven  dif- 
ferent liquids,  employing  each  liquid  in  five  different  thick- 
lesses.  The  results  are  collected  together  in  the  following 
table  : 
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y,  in  order  to  obtain,  both  as  regards  quantity  and  quality, 

invariable  source  of  heat. 

(509)  The  liquids  from  which  the  vapors  were  derived 
are  placed  in  small  long  flasks,  a  separate  flask  being  de- 
ted  to  each.  The  air  above  the  liquid,  and  within  it,  being 
it  carefully  removed  by  an  air-pump,  the  flask  was  attached 
the  experimental  tube,  in  which  the  vapors  were  to  be  ex- 
lined.  This  tube  was  of  brass,  49*6  inches  long,  and  2*4 
dies  in  diameter,  its  two  ends  being  stopped  bj  plates  of 
dc-salt.  Its  interior  surface  was  polished.  With  the  single 
oeption  that  the  source  of  heat  was  a  red-hot  platinum 
iral,  instead  of  a  cube  of  hot  water,  the  arrangement  was 
at  figured  in  Plate  L  At  the  commencement  of  each  ex- 
riment,  the  brass  tube  being  thoroughly  exhausted,  and  the 
iiation  from  the  spiral  being  neutralized  by  that  from  the 
mpensating  cube,  the  needle  stood  at  zero.  The  cock  of 
e  flask  containing  the  volatile  liquid  was  then  carefully  turned 
t,  and  the  vapor  allowed  slowly  to  enter  the  experimental 
be.  When  a  pressure  of  0*5  of  an  inch  was  obtained,  the 
.por  was  cut  ofi^,  and  the  permanent  deflection  of  the  needle 
ited.  Knowing  the  total  heat,  the  absorption  in  lOOtlis  of 
e  entire  radiation  could  be  at  once  deduced  from  the  defleo- 
)ii.    The  following  table  contains  the  results : 


Radiation  of  Heat  THROUGn  Vapors.     Source  :   rkd-hot 

Platinum 

Spiral.    Treasure,  0*5  of  an  Inch. 

Absorption  per  cent. 

Bisulphide  of  carbon     ..... 

4-7 

Chloroform             ..... 

.     «'5 

Iodide  of  methyl          ..... 

90 

Iodide  of  ethyl     ..... 

.   17-7 

Benzol  ....... 

2(>-6 

Amylene   ...... 

.    27-5 

Alcohol             ...... 

28-1 

Fonnic  ether         ..... 

.    31-4 

Sulphuric  ether             .             .             .             .             • 

31-9 

Acetic  ether          .            .            .            *            • 

.    84-6 

Total  heat        .....* 

100-0 

1  ,-■-■ 
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(510)  We  are  now  in  a  condition  to  ooin|Muw  theaolHiof 
a  series  of  Tolatile  liqmds  with  that  of  die  fmpon  of  fton 
liquids,  upon  radiant  heat.  Oonuneneing  with  the  rabstnieo 
of  the  lowest  absorptive  eneigj,  and  prooeeding  to  the  U^ 
est,  we  have  the  following  oiden  of  abaoqition:   * 


Bisolphkle  of  ouboa. 

Ohloroform. 

Iodide  of  melbjL 

Iodide  of  oUitL 

BenxoL 

Amylene. 

Solphaiic  ether. 

Aoedo  ether. 

Formic  ether. 

Alcohd. 

Water. 


Binil^phide 
Ghloraibnii. 
Iodide  of  meth^ 
Iodide  of  ethyl 
BeonL 
AmyleneL 
AicdhoL 
Fonnlc  ether. 
Snlphiirio  ether. 
Aoetio  ether. 


(511)  Here,  as  far  as  amylene,  the  order  of  absorption  u 
the  same  for  both  liquids  and  vapors.  But  from  amjlene 
downward,  though  strong  liquid  absorption  is,  in  a  general 
way,  paralleled  by  strong  vapor  absorption,  the  order  of  both 
is  not  the  same.  There  is  not  the  slightest  doubt  that,  next 
to  water,  alcohol  is  the  most  powerful  absorber  in  the  list  of 
liquids ;  but  there  is  just  as  little  doubt  that  the  positioa 
which  it  occupies  in  the  list  of  vapors  is  the  correct  one. 
This  has  been  established  by  reiterated  experiments.  Acetic 
ether,  on  the  other  hand,  though  certainly  the  most  energetic 
absorber  in  the  state  of  vapor,  hXia  behind  both  formic  ether 
and  alcohol  in  the  liquid  state.  Still,  on  the  whole,  it  is  pe^ 
fectly  impossible  to  contemplate  these  restdts,  without  airiv- 
ing  at  the  conclusion  that  the  act  of  absorption  is,  in  the 
main,  moUcfidary  and  that  the  molecules  maintain  their  pow- 
er as  absorbers  and  radiators  when  they  change  their  state 
of  aggregation.  Should  any  doubt,  however,  linger  as  to 
the   correctness  of  this   conclusion,  it  will  speedily  disap 
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(512)  A  moment's  reflection  will  show  that  the  compari- 
(on  here  instituted  is  not  a  strict  one.  We  have  taken  the 
iquids  at  a  common  thickness,  and  the  vapors  at  a  common 
volume  and  pressure.  But,  if  the  hiyers  of  liquid  employed 
vere  turned,  bodily,  into  vapor,  the  volumes  obtained  would 
id  be  the  same.  Hence,  the  quantities  of  matter  traversed 
»y  the  radiant  heat  are  not  proportional  to  each  other  in  the 
wo  cases,  and,  to  render  the  comparison  strict,  they  ought  to 
le  proportional  It  is  easy,  of  course,  to  make  them  so ;  for, 
he  liquids  being  examined  at  a  constant  volume,  their  specific 
pravities  give  us  the  relative  quantities  of  matter  traversed 
>y  the  radiant  heat,  and,  from  these  and  the  vapor-densities, 
we  can  inunediately  deduce  the  corresponding  volumes  of  the 
rapor.  Dividing,  in  fact,  the  specific  gravities  of  our  liquids 
>y  the  densities  of  their  vapors,  we  obtain  the  following 
leries  of  vapor  volumes,  whose  weights  are  proportional  to 
he  masses  of  liquids  employed : 

Table  or  Proportional  VoLiniis. 

Bisulphide  of  carbon 0*48 

Chloroform 0'86 

Iodide  of  methyl 0'46 

Iodide  of  ethyl 036 

Benzol 6*82 

Amylcne 0*26 

Alcohol 0-60 

Sulphuric  ether 0*28 

Formic  ether 086 

Acetic  ether 0*29 

Water 1*60 

(513)  Introducing  the  vapors,  in  the  volumes  here  indi- 
cated, into  the  experimental  tube,  the  following  results  were 
Dbtained : 

16 
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RADUfiw  ot  Bias  whw  Y afoul    Qv. 

norantnuL  10  nus  or  Lumn* 

Timmmt  U 
Wun/b  of  Y^por.  «i 

BiaulphidttofoivboB   •        •        .        .  <K8 

Chloroform 0-M 

Iodide  of  methTl.  OHM 

lo^eofethTl OM 

Bemol  ...  OM 

AmykDO  ...•*.  OM 

Sidplmrio  iBiher 0*S8 

Aoetio  other 0^ 

Formic  ether 0*86 

Aloohol 0*50 


€V  TlffW 


4*1 
•-• 

101 
IM 
191 

iro 
11-$ 

SM 

tt-6 


(514)  Arranging  both  liquids  and  Tapon  in  the  order  of 
their  absorption^  we  now  obtain  the  following  residt : 


Llqakb. 
Bisulphide  of  oarboD. 
Chloroform. 
Iodide  of  methyL 
Iodide  of  ethyL 
Benzol. 
Amylene. 
Sulphuric  ether. 
Acetic  ether. 
Fonnio  ether. 
AlcohoL 
Water. 


Bisulphide  of  carbon. 
Chloroform. 
Iodide  of  methyL 
Iodide  of  ethyL 
BenioL 
Amylene. 
Sulphuric  ether. 
Acetic  ether. 
Formic  ether. 
AlcohoL 


(515)  Here  the  discrepancies  revealed  by  our  former  seriei 
of  experiments  entirely  disappear,  and  it  is  proved  that,  ftr 
heat  of  the  same  quality,  the  order  of  absorption  for  liqiddi 
and  their  vapors  is  the  same.  We  may,  therefore,  safely  inftr 
that  the  position  of  a  vapor,  as  an  absorber  or  a  radiator,  is 
determined  by  that  of  the  liquid  from  which  it  is  derived. 
G^ranting  the  validity  of  this  inference,  the  position  of  ioakr 
fixes  that  of  aqtieoits  vapor.    But  we  have  found  that,  for  all 


*  Aqueous  vapor,  unmixed  with  air,  onndenses  so  readily  that  it  csnnotbt 
directly  examined  in  our  experimental  tube. 
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thicknesses,  water  exceeds  the  other  liquids  in  the  energy  of 
its  absorption.  Hence,  if  no  single  experiment  on  the  vapor 
of  water  existed,  we  should  be  compelled  to  conclude,  from 
the  deportment  of  its  liquid,  that,  weight  for  weight,  aqueous 
vapor  transcends  all  others  in  absorptive  power.  Add  to  this 
the  direct  and  multiplied  experiments,  bj  which  the  action  of 
this  substance  on  radiant  heat  has  been  established,  and  we 
have  before  us  a  body  of  evidence  sufficient,  I  larust,  to  set  this 
question  forever  at  rest,  and  to  induce  the  meteorologpist  to 
apply  the  result,  without  misgiving,  to  the  phenomena  of  hla 
science. 

(516)  We  must  now  prepare  the  way  for  the  consideration 
of  an  important  question.  A  pendulum  swings  at  a  certain 
definite  rate,  which  depends  upon  the  length  of  the  pendulum. 
A  spring  will  oscillate  at  a  rate  which  depends  upon  the 
weight  and  elastic  force  of  the  spring.  K  we  coil  a  wire  into 
a  long  spiral,  and  attach  a  bullet  to  the  end,  the  bullet  may  be 
caused  to  oscillate  up  and  down,  at  a  rate  which  depends  upon 
its  weight,  and  upon  the  elasticity  of  the  spiraL  A  musical 
string,  in  like  manner,  has  its  determinate  rate  of  vibration, 
which  depends  upon  its  length,  weight,  and  tension.  A  beam 
which  bridges  a  gorge  has  also  its  own  rate  of  oscillation ; 
and  we  can  often,  by  timing  our  movements  on  such  a  beam, 
so  accumulate  the  impulses  as  to  endanger  its  safety.  Sol- 
diers, in  crossing  pontoon  bridges,  tread  irregularly,  lest  the 
motion  imparted  to  the  pontoons  should  accumulate  to  a  dan- 
gerous extent.  The  step  of  a  person  carrying  water  on  his 
head  in  an  open  pail  sometimes  coincides  with  the  oscillation 
of  the  water  from  side  to  side  of  the  vessel,  until,  impulse  be- 
ing added  to  impulse,  the  liquid  finally  splashes  over  the  rim. 
The  water-carrier  instinctively  alters  his  step,  and  thus  re* 
duces  the  liquid  to  comparative  tranquillity.  You  have  heard 
a  particular  pane  of  glass  respond  to  a  particular  note  of  an 
organ  ;  if  you  open  a  piano,  and  sing  into  it,  some  one  string 
will  also  respond.  Now,  in  the  case  of  the  organ,  the  pane  re- 
sponds, because  its  period  of  vibration  happens  to  coincide 
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with  the  period  of  the  Mmorous  waves  that  impiiige  qxmit; 
and,  in  the  case  of  the  pianO|  that  string  responds  whose  period 
of  vibration  coincides  with  the  period  of  the  vocal  ohonbof 
the  singer.  In  each  case,  there  is  an  aooumulation  of  thsrf> 
feet,  similar  to  that  observed  when  yoa  stand  upon  a  phok- 
bridge,  and  time  your  impulses  to  its  rate  of  vibratioo.  In  the 
case  of  the  singing  flame,  already  referred  to,  yon  had  theiih 
fluenoe  of  period  exemplified  in  a  very  striking  manner.  It 
responded  to  the  voice,  only  when  the  pitch  of  the  voice  oone- 
sponded  to  its  own.  A  higher  and  a  lower  note  vreie  equllj 
ineffective  to  put  the  flame  in  motion. 

(517)  These  ordinary  mechanical  fiftcts  wiQ  help  us  to  as 
insight  of  the  more  subtle  phenomena  of  li^^t  and  ndiHit 
heat  I  have  shown  you  the  transpsrency  of  lamp-Uadc,  asd, 
the  fur  more  wonderful  transparency  of  iodine^  to  the  povelf 
thermal  rays ;  and  we  have  now  to  inquire  why  iodine  stopi 
light  and  allows  heat  to  pass.  The  sole  difference  betweeo 
light  and  radiant  heat  is  one  of  period.  The  waves  of  the  one 
are  short  and  of  rapid  recurrence,  while  those  of  the  other  are 
long,  and  of  slow  recurrence.  The  former  are  intercepted  bj 
the  iodine,  and  the  latter  are  allowed  to  pass.  Why  ?  lliere 
can,  I  think,  be  only  one  answer  to  this  question :  that  the  in- 
tercepted waves  are  those  whose  periods  coincide  with  the 
periods  of  oscillation  possible  to  the  atoms  of  the  dissolved 
iodine.  The  waves  transfer  their  motion  to  the  atoms  which 
synchronise  with  them.  Supposing  waves  of  any  period  to 
impinge  upon  an  assemblage  of  molecules  of  any  other  period, 
it  is,  I  think,  physically  certain  that  a  tremor  of  greater  or  less 
intensity  will  be  set  up  among  the  molecules  ;  but,  for  the 
motion  to  accumulate^  so  as  to  produce  sensible  absorptkHi, 
coincidence  of  period  is  necessary.  Briefly  defined,  thoefoiSi 
transparency  is  synonymous  with  dieeord^  while  opadtj  ii 
synonymous  with  accord^  between  the  periods  of  the  waves 
of  ether  and  those  of  the  molecules  of  the  body  on  which  they 
impinge.  The  opacity,  then,  of  our  solution  of  iodine  to  light, 
shows  that  its  atoms  are  competent  to  vibrate  in  all  periods 
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which  lie  within  the  limits  of  the  yisible  speotrum ;  while  its 
tmnsparency  to  the  extrarred  undulations  demonstrates  the 
inoompetency  of  its  atoms  to  vibrate  in  unison  with  the 
longer  waves. 

(518)  The  term  **  quality/'  as  applied  to  radiant  heat,  has 
been  already  defined ;  the  ordinary  test  of  quality  being  the 
power  of  radiant  heat  to  pass  through  diathermic  bodies.  If 
the  heat  of  two  beams  be  transmitted  by  the  self-same  sub- 
stance in  dijQferent  proportions,  the  two  beams  are  said  to  be 
of  different  qualities.  Strictly  speaking,  this  question  of 
quality  is  one  of  period;  and,  if  the  heat  of  one  source  be 
more  or  less  copiously  transmitted  than  the  heat  of  another 
source,  it  is  because  the  waves  of  ether  excited  by  the  one  are 
different  in  length  and  period  finom  those  excited  by  the  other. 
When  we  raise  the  temperature  of  our  platinum  spiral,  we 
alter  the  quality  of  its  heat.  As  the  temperature  is  raised, 
shorter  and  ever  shorter  waves  mingle  in  the  radiation.  Dr. 
Draper,  in  a  very  beautiful  investigation,  has  shown  that, 
when  platinum  first  appears  luminous,  it  emits  only  red  rays ; 
but,  as  its  temperature  augments,  orange,  yellow,  and  green, 
are  successively  added  to  the  radiation ;  and,  when  the  plati- 
num is  so  intensely  heated  as  to  emit  white  light,  the  decom- 
position of  that  light  gives  all  the  colors  of  the  solar  spectrum. 

(519)  Almost  all  the  vapors  which  we  have  hitherto  ex- 
amined are  transparent  to  light,  while  all  of  them  are,  in  some 
degree,  opaque  to  obscure  rays.  This  proves  the  incompe- 
tence of  the  molecules  of  these  vapors  to  vibrate  in  visual 
periods,  and  their  competence  to  vibrate  in  the  slower  periods 
of  the  waves  which  fall  beyond  the  red  of  the  spectrum.  Con- 
ceive, then,  our  platinum  spiral  to  be  gradually  raised  from  a 
state  of  obscure  to  a  state  of  luminous  heat;  the  change 
would  manifestly  tend  to  produce  discord  between  the  radiat- 
ing platinum  and  the  molecules  of  our  vapors.  And  the 
higher  we  raise  the  temperature  of  our  platinum,  the  more  de- 
cided will  be  the  discord.  On  a  priori  grounds,  then,  we 
should  infer  that  the  raising  of  the  temperature  of  the  platinum 
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Bpinl  ought  to  augment  the  power  of  its  rajs  to  pass  throogh 
our  list  of  vapors.  This  oondusioii  is  entirel j  verified  hj  the 
experiments  recorded  in  the  following  tables : 

Radiatiov  thbouoh  Yapob.    Soirmci  or  Hkat:  Pultimtic  Shral  BAmr 

TI8IBLB  IN  THE  DaBK. 
Hum  of  Vapor.  Abtotptlon  peroML 

Biaolphide  of  carbon  ....  65 


Chloroform 
Iodide  of  methyl 
Iodide  of  ethyl 
Benzol  • 

AmTlono  . 

w 

Sulphuric  ether 
Fonnie  ether 
Acetic  ether  . 


9-1 
12-5 
21-0 
25-4 
S5-8 
43-4 
45-S 
49-6 


(520)  With  the  same  platinum  spiral  raised  to  a  white 
heat,  the  following  results  were  obtained  : 


Radiation  througd  Vapors.     Soimci  or   Heat:    White-hot   PunMni 

Spiral. 

Atoorptkm  per  taH 

2-9 


Name  of  Vapor. 
Bisulphide  of  carbon 
Chloroform 
Iodide  of  methyl 
Iodide  of  ethyl    . 
Benzol 
Amylene  . 
Formic  ether . 
Sulphuric  ether    . 
Acetic  ether  . 


6-6 
7-8 
12-8 
16*6 
22-6 
25-1 
25-9 
27-2 


(521)  With  the  same  spiral,  brought  still  nearer  to  its 
point  of  fusion,  the  following  results  were  obtained  with  four 
of  the  vapors : 

Radiation  through  Vapors.    Source:  Platinum  Spiral  at  an  bm^ 

White  Heat. 
Name  of  Vapor.  Abaorptioe. 

Bisulphide  of  carbon  ....  25 

Chloroform  .  .  .  .  .  .8*9 

Formic  ether  .  .  .  .  .21-8 

Sulphuric  ether    ......    28*7 
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(522)  FlaGiiig  the  results  obtained  with  the  respective 
sources  side  bj  side,  the  influence  of  the  vibrating  period  on 
the  transmission  comes  out  in  a  very  decided  manner : 

Absobftioh  ov  Hxat  bt  Yapobs. 


NanM  of  Vapor. 

Sonroe: 

Plfttinam  BpinL 

A. 

BvefyvislblB. 

Blight  r«d. 

Whttehot 

Bisulphide  of  carbon 

6*6 

4*t 

2-9 

2*6 

Chlorofonn  . 

.       91 

6*8 

6-6 

8*9 

Iodide  of  methyl 

12-5 

9-6 

7-8 

Iodide  of  ethyl     . 

.     21-8 

ll'l 

12*8 

Benzol 

26-4 

20-6 

16-6 

Amylene 

.     86-8 

216 

22*7 

Sulphuric  ether 

48-4 

81-4 

26*9 

28-7 

Fonnic  ether 

.     46*2 

81-9 

26-1 

21-8 

Acetic  ether 

49*6 

84-6 

27-2 

(523)  The  gradual  augmentation  of  penetrative  power,  as 
the  temperatin^  is  augmented,  is  here  very  manifest.  By 
raising  the  spiral  from  a  barely  visible  to  an  intense  white 
heat,  we  reduce  the  proportionate  absorption,  in  the  case  of 
bisulphide  of  carbon  and  chloroform,  to  less  than  one-hal£  At 
barely  visible  redness,  moreover,  66*6  and  64*8  per  cent,  pass 
through  sulphuric  and  formic  ether  respectively ;  while,  of  the 
intensely  white-hot  spiral,  76*3  and  78*7  per  cent,  pass  through 
the  same  vapors.*  Thus,  by  augmenting  the  temperature  of 
the  solid  platinum,  we  introduce  into  the  radiation  waves  of 
shorter  period,  which,  being  in  discord  with  the  periods  of  the 
vapors,  pass  more  easily  through  them. 

(524)  Running  the  eye  along  the  numbers  which  express 
the  absorptions  of  sulphuric  and  formic  ether  in  the  last  table, 
we  find  that,  for  the  lowest  heat,  the  absorption  of  the  latter 
exceeds  that  of  the  former ;  for  a  bright-red  heat  they  are 
nearly  equal,  but  the  formic  still  retains  a  slight  predominance ; 
at  a  white  heat,  however,  the  sulphuric  slips  in  advance,  and 
at  the  heat  near  fusion  its  predominance  is  decided.  I  have 
tested  this  result  in  various  ways,  and  by  multiplied  experi- 

*  The  trantmistion  is  found  hy  suhtraoting  the  absorption  from  100. 
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aft  €Bee  Infar 
of  fonHo  edMT  to 
Ihaft  o£  wii|iniiM| 

CflBCftOtCF  OK  IdCH 

of  Ihs  Q^^nli  we 
and,  the  moie  of  Ikn 
in  oonpoiiaoo  wiu 
Tlie  atom  of  037- 
of  sulpiiiiriCi  rcD* 
made  with 
It  the  prepondennoe 
of  alow  period. 

C^M^    OOATD    Win 

ur  F 


S&nj^dnac  iff  akVk             ....  6*6 

^Miw  rf  mAtI             .           •                        .  ■         .  18-8 

C^uirvdiOK    .«--••  Sl*6 

S^a&ll^<«&H t9D 

M-6 

471 

54-1 

Focucfl^er «04 

69-9 

For  IhAt  ifsuiii^  from  this  aoorce,  tlie  alwMptioo  bj  foniU0 
ether  is  6"3  per  cent*  in  excess  of  that  by  sulphmic. 

(5:25)  But  in  this  table  we  nodce  another  ease  of  reweiwl* 
In  an  the  experiments  with  the  platinum  spiral  thus  hi  le- 
eoided,  chkMofonn  showed  itself  leas  energetic  as  an  absorber 
than  iodide  of  methjl;  but  here  chlorofonn  shows  itself  to  be 
decidedly  the  more  powerful  of  the  twa  Tliis  result  has  been 
placed  bejond  doubt  bj  repeated  experiments.  To  the  radiir 
tion  emitted  bj  Ump-black,  heated  to  212**,  chloroform  is  etf 
tainly  more  opaque  than  iodide  of  methyL 

(526)  We  have  hitherto  occupied  ourselves  with  the  radiir 
tion  from  heated  solids:  let  us  now  pass  on  to  the  examinatioa 
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of  the  radiation  from  flames.  The  first  experiments  were  made 
with  a  steady  jet  of  gas  issuing  from  a  small  circular  burner, 
tiie  flame  being  long  and  tapering.  The  top  and  bottom  of 
fte  flame  were  excluded,  and  its  most  brilliant  portion  was 
^KMen  as  the  source.  The  results  obtained  are  recorded  in 
fte  following  table : 

IUdiaziov  or  Hkat  thbouoh  Yafobs.      Somus:  a  moHLT-LVMnious 

Jr  ov  Oas. 

B«ma  of  Vapor.  Abfloriyttoii.       White-hot  SpizsL 

Bisulphide  of  carbon    ....        9*8  2*9 

Ghlorofonn      .        .        ...  12*0  6*6 

Iodide  of  methyl 16*6  1'S 

Iodide  of  ethyl         ....  19*5  12'8 

Benzol 22*0  16*6 

Amylene 802  22*t 

Fonnic  ether 84*6  26*9 

Snlphnric  ether        ....  86-7  26*1 

Acetic  ether 88*7  2t*2 

(527)  It  is  interesting  to  compare  the  heat  emitted  by  the 
white-hot  carbon  with  that  emitted  by  the  white-hot  platinum ; 
and,  to  facilitate  the  comparison,  beside  the  results  given  in  the 
last  table  are  placed  those  recorded  in  a  former  one.  The 
emission  from  the  flame  is  thus  proved  to  be  far  more  power- 
fully absorbed  than  the  emission  from  the  spiral.  Doubtless, 
however,  the  carbon,  in  reaching  incandescence,  passes  through 
lower  stages  of  temperature,  and  in  those  stages  emits  heat 
more  in  accord  with  the  vapors.  It  is  also  mixed  with  the 
vapor  of  water  and  carbonic  acid,  both  of  which  contribute 
their  quota  to  the  total  radiation.  It  is  therefore  probable 
that  the  greater  absorption  of  the  heat  emitted  by  the  fiame 
is  due  to  the  slower  periods  of  the  substances,  which  are  un- 
avoidably mixed  with  the  white-hot  carbon. 

(528)  The  next  source  of  heat  employed  was  the  flame  of 
a  Bunsen's  burner,*  the  temperature  of  which  is  known  to  be 

*  Described  in  Chapter  II. 
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^SiS>  TW  toed  ImI  ndbtod  horn  Ike  flame  of  Bmsen^ 
bmr  s  Back  kas  tkn  that  ndbted  wbeQ  the  iDGaodeMent 
carbea  is  pRseat  ia  tke  Aukl  The  momeot  the  air  k  po^ 
■litted  to  mix  with  the  hxaunoos  flame,  the  ladiatioQ  klk  so 
cvQsaiesahiT,  that  the  diminixtioQ  is  at  onee  detected,  even  hf 
the  hand  or  k»e  broaght  near  the  flame.  Comparing  the  ksi 
two  tablea,  ve  tee  that  the  radiation  from  Bmisen's  flame  is, 
on  the  whole,  kaa  powerfullj  ahaorbed  than  that  from  the 
hnninona  gaa^jet.  In  some  caaea^  aa  in  that  of  fonnic  ether, 
thej  come  Terr  close  to  each  other ;  in  the  caae  of  amylene, 
and  a  fiew  other  subatances,  thej  d^fer  more  markedly.  But 
an  extremely  interesting  caae  of  reveraal  here  ahowa  itsdL 
Bisulphide  of  carbon,  instead  of  being  firat,  atanda  decidedly 
below  chloroform.  With  the  Imninoua  jet,  the  abaorption  of 
bisulphide  of  carbon  ia  to  that  of  chloroform  aa  100 :  12l| 
while  with  the  flame  of  Buuaen^a  burner  the  ratio  ia  100  :  M; 
the  removal  of  the  lamp-black  from  the  flame  more  than 
doubles  the  relatiYe  tranaparency  of  the  chloroform.  We 
have  here,  moreover,  another  instance  of  the-  reversal  of 
formic  and  sulphuric  ether.  For  the  luminous  jet,  the  sul- 
phuric ether  is  decidedly  the  more  opaque ;  for  the  flame  of 
Bunsen's  burner,  it  is  excelled  in  opacity  hy  the  formic 

(530)  The  main  radiating  bodies  in  the  flame  of  a  Bunsen^B 
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[Rimer  are,  no  doubt,  aqueous  vapor  and  carbonic  add*  High- 
Ij-beated  nitrogen  is  also  present,  which  may  produce  a  sen- 
sible effect.  But  the  main  source  of  the  radiation  is,  no  doubt, 
the  aqueous  vapor  and  the  carbonic  add*  I  wished  to  separate 
tiiese  two  constituents,  and  to  study  them  separately.  The 
radiation  of  aqueous  vapor  could  be  obtained  from  a  flame  of 
pure  hydrogen,  while  that  of  carbonic  acid  could  be  obtained 
£rom  an  ignited  jet  of  carbonic  oxide.  To  me  the  radiation 
from  the  hydrogen  flame  possessed  a  peculiar  interest ;  for, 
notwithstanding  the  high  temperature  of  such  a  flame,  I 
thought  it  likely  that  the  accord  between  its  periods  of  vibra- 
tion and  those  of  the  cool  aqueous  vapor  of  the  atmosphere 
would  still  be  such  as  to  cause  the  atmospheric  vapor  to  exert 
a  special  absorbent  power  upon  the  radiation.  The  following 
experiments  test  this  surmise : 

Radiatioh  through  Atmobphxbic  Anu    Soubos:  ▲  Htdroobh  Flams. 


Dry  air 
Undried  air 


Abaotptkm. 
0 


Thus,  in  a  polished  tube  4  feet  long,  the  aqueous  vapor  of  our 
laboratory  air  absorbed  17  per  cent,  of  the  radiation  from  the 
hydrogen  flame.  A  platinum  spiral,  raised  by  electricity  to  a 
degree  of  incandescence  not  greater  than  that  attainable  by 
plunging  a  wire  into  the  hydrogen  flame,  being  used  as  a  source 
of  heat,  the  undried  air  of  the  laboratory  was  found  to  absorb 

5 '8  per  cent. 

of  its  radiation,  or  one-third  of  the  quantity  absorbed  in  the 
case  of  the  flame  of  hydrogen. 

(531)  The  plunging  of  a  spiral  of  platinum  wire  into  the 
flame  reduces  its  temperature ;  but  at  the  same  time  intro- 
duces vibrations,  which  are  not  in  accord  with  those  of  aque- 
ous vapor;  the  absorption,  by  ordinary  undried  air,  of  heat 
emitted  by  this  composite  source  amounted  to 

8*6  per  cent 
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Od  humid  dsys,  the  abiorptioa  of  the  heat  emitted  Iqr  a 
hydrogen  flame  exoeeda  even  the  above  laige  figurei  Bn* 
ploying  tiie  same  experimental  tube  and  a  new  bnmerytke 
experiments  were  repeated  aome  daya  aubaeqoenfly,  with  tin 
following  result: 

RmiAnoH  TnoosH  An.    Souioi:  HTBaoon  Vlmmm, 


Dryair  ......  0 

UndrMair SO*t 

(532)  The  physical  causes  of  tnunqwrenqy  and  opedly 
haye  been  already  pointed  out ;  and  we  may  hder  horn  tlw 
foregoing  powerful  action  of  atmosi^ieric  vapor  on  the  zadiap 
tion  from  the  hydrogen  flame,  that  accord  reigns  between  the 
oscillating  molecules  of  the  flame  at  a  temperature  of  5896° 
Fahr,  and  the  molecules  of  aqueous  vapor  at  a  temperature  of 
60^  Fahr.  The  enormous  temperature  of  the  hydrogen  flame 
increases  the  amplitude,  but  does  not  change  the  rate  of  oeoil- 
lation. 

(533)  We  must  devote  a  moment's  attention,  in  pasaiog, 
to  the  word  **  amplitude ''  here  employed.  The  pitch  of  a  note 
depends  solely  on  the  number  of  atrial  waves  which  strike  the 
ear  in  a  second.  The  loudness,  or  intensity  of  a  note  depends 
tipon  the  distance  within  which  the  separate  atoms  of  air 
vibrate.  This  distance  is  called  the  ampHiude  of  the  vihft- 
iion.  Wlien  we  puU  a  harp-string  very  gently  aside,  and  let 
it  gi\  it  disturbs  the  air  but  little ;  the  amplitude  of  the  vibiatr 
itig  air-atoms  is  small,  and  the  intensity  of  the  sound  feeUe. 
Hut  if  we  puU  the  string  vigorously  aside,  on  letting  it  go,  we 
have  a  note  of  the  same  pitch  as  before,  but,  as  the  amplitude 
of  vibration  b  greater,  the  sound  is  more  intense.  While, 
then,  the  wave-length,  or  period  of  recurrence,  is  independent 
of  the  amplitude,  it  is  this  latter  which  determines  the  loud- 
noaa  of  tho  sound. 

(534)  Tlie  same  holds  good  for  light  and  radiant  heat 
Hero  tho  individual  ether-particles  vibrate  to  and  fro  across 
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le  line  of  propagation ;  and  the  extent  of  their  excursion  is 
died  the  amplitude  of  the  vibration.  We  may,  as  in  the  case 
f  sound,  have  the  same  wave-length  with  very  different  am- 
litudes,  or,  as  in  the  case  of  water,  we  may  have  high  waves 
nd  low  waves,  with  the  same  distance  between  crest  and 
-est.  Nowy  while  the  color  of  light,  and  the  quality  of  radi- 
it  heat,  depend  entirely  upon  the  length  of  the  ethereal 
aves,  the  intensity  of  the  light  and  heat  is  determined  by 
le  amplitude.  And,  inasmuch  as  it  has  been  shown  that  the 
sriods  of  vibration  of  a  hydrogen-flame  coincide  with  those 
I  cool  aqueous  vapor,  we  are  compelled  to  conclude  that  the 
lormous  temperature  of  the  flame  is  not  due  to  the  rapidity, 
lit  to  the  extraordinary  amplitude  of  its  molecular  vibration. 
(535)  The  other  component  of  the  flame  of  Bunsen's  burner 

carbonic  acid,  and  the  radiation  of  this  substance  is  immedi- 
:ely  obtained  from  a  flame  of  carbonic  oxide.  Of  the  radia- 
on  from  this  source,  the  small  amount  of  carbonic  acid  diffused 
I  the  air  of  our  laboratory  absorbed  13*8  per  cent.  This  high 
>sorption  proves  that  the  vibrations  of  the  molecules  of  car- 
3nic  acid,  within  the  flame,  are  synchronous  with  the  vibra- 
ons  of  those  of  the  carbonic  acid  of  the  atmosphere.  The 
smpcrature  of  the  flame,  however,  is  5608°  Fahr.,  while  that 
•  the  atmosphere  is  only  60°.     But  if  the  high  temperature 

incompetent  to  change  the  rate  of  oscillation,  we  may  ex- 
3ct  cold  carbonic  acid,  when  used  in  large  quantities,  to  bo 
ighly  opaque  to  the  radiation  from  the  carbonic-oxide  flame, 
ere  follow  the  results  of  experiments  executed  to  test  this 
mclusion : 


>IATION   TUBOUOH 

DRT  Carbonic  Acid. 
Oxide  Flamjc 

Source:  Carbomio- 

Pr^sure  in  inches. 

Absorption. 

10 

48-0 

20 

56-5 

3  0 

60-8 

4-0 

65-1 

60 

68-6 

10-0 

74-8 
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For  the  rmrs  eiiimnating  horn  the  heated  solids  employed  in 
oitT  fonner  resemrcbes,  cvbonic  acid  prored  to  be  one  of  tire 
most  feeble  absorbers;  but  here,  when  the  wmvcs  sent  into  it 
emanate  from  molecules  of  its  own  substance,  its  absoibent 
energy  is  enormous.  The  thirtieth  of  an  atmosphere  of  the 
gas  cat«  off  half  the  entire  radiation;  while,  at  a  pressoreof 
4  inches,  65  per  cent  of  the  radiation  is  intercepted. 

(536)  The  energy  of  olefiant  gas,  both  as  an  absorbeDtand 
a  radiant,  is  now  well  known.  For  the  solid  souices  of  heat 
just  referred  to,  its  power  is  incomparably  greater  than  that 
of  the  carbonic  acid ;  but,  for  the  radiation  from  the  carbonic- 
oxide  flame,  the  power  of  olefiant  gas  is  feeble,  when  compared 
with  that  of  carbonic  acid.  This  is  proved  by  the  experiments 
recorded  in  the  following  table : 

Raoutiov  tiibouob  dry  OLuiikifT  Gab  akd  drt  Cambokic  Acidl 

Source  :  Carbonic-Oxide  Flame. 

PrrMnre  In  lochee. 
1-0 
20 
.Si) 
40 
A-0 
\{)V 

(X\7)  JV»«ido  the  absorption  by  olefiant  gas,  I  have  placed 
that  l>v  oarlH>iiio  acid  derived  from  the  last  table.    The  superiof 
|>«>Mer  ()f  the  aoid  is  very  decided,  and  most  so  in  the  smaller 
pi»Mm'$  ;  at  a  pressure  of  an  inch  it  is  twice  that  of  the  olefi- 
n\\\  i^iis.     The  substances  approach  each  other  more  closely, 
as  the  quantity  of  gas  augments.     Here,  in  fact,  both  of  them 
.ippixMoh  |><TlVvt  Ojiaeity,  and,  as  they  draw  near  to  this  com- 
mon limit,  their  alvsi>rptious,  as  a  matter  of  course,  approximate. 
^,"».'«S^   These  ex|vriiiients  prove  that  the  presence  of  an 
in:;nai\sim.-»l  quantity  of  oarlvnii^aoid  gas  might  be  detected, 
l»\  Its  .ioiNMi  on  the  ri\-s  eniitievi  bv  a  carbonic-oxide  flame. 
Djx'  jot:ot\»  t\>r  o\.inip\\  of  the  earlvnic  acid  expired  bv  the 


OlefUnt-gM 
absorpttoL 

Cartoolc-Mid 
abenq)tioii. 

28-2 

480 

84-7 

55-6 

44  0 

60-8 

50-6 

661 

551 

68-6 

65-6 

74-8 
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lungs  is  very  decided.  An  India-mbber  bag  was  filled  from 
the  lungs ;  it  contained,  therefore,  both  the  aqueous  vapor  and 
the  carbonic  acid  of  the  breath.  The  air  from  the  bag  was 
then  conducted  through  a  drying  apparatus,  the  moisture 
being  thus  removed,  and  the  aeutral  air  and  active  carbonic 
acid  permitted  to  enter  the  experimental  tube.  The  following 
results  were  obtained : 

Ant  WBOU  THs  LuHos  00HTAI9INO  COf.    SouBd  .*  Garbonic-Oxidb 

Flami. 
n«asim  In  inohet.  Abtoq>lioiL 

1  12-0 

8  25*0 

5  88-8 

80  60*0 

(539)  Thus,  the  tube  filled  with  the  dry  exhalation  from 
the  lungs  intercepted  50  per  cent,  of  the  entire  radiation  from 
a  carbonic-oxide  flame.  It  is  quite  manifest  that  we  have  here 
a  means  of  testing,  with  siu*passing  delicacy,  the  amount  of  car- 
bonic acid  emitted  under  various  circumstances  from  the  lungs. 

(540)  The  application  of  radiant  heat  to  the  determination 
of  the  carbonic  acid  of  the  breath  has  been  illustrated  by  my 
late  assistant,  Mr.  Barrett.  The  deflection  produced  by  the 
breath,  freed  firom  its  moisture,  but  retaining  its  carbonic  acid, 
was  first  determined.  Carbonic  acid,  artificially  prepared,  was 
then  mixed  with  perfectly  dry  air,  in  such  proportions  that  its 
action  upon  the  radiant  heat  was  the  same  as  that  of  the  car- 
bonic acid  of  the  breath.  The  percentage  of  the  former  being 
known,  immediately  gives  that  of  the  latter,  I  here  give  the 
results  of  three  chemical  analyses,  determined  by  Dr.  Frank- 
land,  as  compared  with  three  physical  analyses  performed  by 
my  late  assistant : 

Percgntaoe  of  Garbokio  Aoid  in  Human  Breath. 


By  chemical  analysis. 

By  physical  analysis. 

4-311 

4-00 

4-66 

4-66 

6*83 

6*22 
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(541)  The  agreement  between  tlie  results  is  veij  £ui; 
Doubtless,  with  grater  practice  a  closer  agreement  could  be 
attained.  We  thus  find,  in  the  quantity  of  ethereal  motkni 
which  it  is  competent  to  intercept,  an  accurate  and  piactkil 
measure  of  the  amount  of  carbonic  acid  expired  from  the  Inh 
man  lungs. 

(542)  Water  at  moderate  thickness  is  a  very  transparent 
substance ;  that  is  to  saj,  the  periods  of  its  molecules  tre  in 
discord  with  those  of  the  visible  spectrum.  It  is  also  higUj 
transparent  to  the  extra-Tiolet  rajs ;  so  that  we  may  sifdy 
infer,  from  the  deportment  of  this  substance,  its  incompetoioe 
to  enter  into  rapid  molecular  vibration.  When,  however,  we 
once  quit  the  visible  spectrum  for  the  rays  beyond  the  red, 
the  opacity  of  the  substance  b^ns  to  show  itself ;  for  such 
rays,  indeed,  its  absorbent  power  is  unequalled.  The  sjmchzo' 
nism  of  the  periods  of  the  water-molecules  with  those  of  the 
extra-red  waves  is  thus  demonstrated.  We  have  already  seeo 
that  undried  atmospheric  air  manifests  an  extraordinary  opacity 
to  the  radiation  from  a  hydrogen-flame,  and  from  this  deport- 
ment we  inferred  the  synchronism  of  the  cold  vapor  of  the  air, 
and  the  hot  vapor  of  the  flame.  But  if  the  periods  of  a  vapor 
1)0  the  same  as  those  of  its  liquid,  we  ought  to  find  water 
hifrhly  opaque  to  the  radiation  from  a  hydrogen-flame.  Here 
arc  the  results  obtained  with  five  difierent  thicknesses  of  the 
lii|uid : 

Radiation  through  Water.    Soitrci  :  ITtdrogen-Flame. 

Thickno88  of  Hqutd. 

O^tSinch.     (HMinch.    0-07  inch.    O.I 4  inch.    O.ST  inch. 
Tnmsroisjtion  per  cent  6S  2-8  I'l  0.5.  0.0 

(543)  Through  a  layer  of  water  0-36  of  an  inch  thick,  MeJ- 
loni  found  a  transmission  of  11  per  cent,  for  the  heat  of  an 
Arj^raiul  lamp.  Here  we  employ  a  source  of  higher  tempera- 
iur\\  and  a  layer  of  water  only  0*27  of  an  inch,  and  find  the 
whole  of  the  heat  intercepted.  A  layer  of  water  0*27  of  an 
inch  in  thickness  is  perft*otly  opaque  to  the  radiation  from  a 
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hydrogen  flame,  while  a  layer  about  one-tenth  of  the  thickness 
employed  by  Melloni  cuts  off  more  than  97  per  cent  of  the 
entire  radiation.  Hence  we  maj  infer  the  coincidence  in  vi- 
faratimg  period  between  cold  water  and  aqueous  vapor  heated 
to  a  temperature  of  SSOS""  Fahr.  (3259°  C). 

(544)  From  the  opacity  of  water  to  the  radiation  horn 
aqueous  vapor,  we  may  infer  the  opacity  of  aqueous  vapor 
to  the  radiation  from  water,  and  hence  conclude  that  the  very 
act  of  nocturnal  refrigeration  which  causes  the  condensation 
of  water  on  the  earth's  surface,  gives  to  terrestrial  radiation 
that  particular  character  which  renders  it  most  liable  to  be 
intercepted  by  our  atmosphere,  and  thus  prevented  from  wast- 
ing itself  in  space. 

(545)  This  is  a  point  which  deserves  a  moment's  further 
consideration.  I  find  that  olefiant  gas,  contained  in  a  polished 
tube  4  feet  long,  absorbs  about  80  per  cent,  of  the  radiation 
from  an  obscure  source.  A  layer  of  the  same  gas  2  inches 
thick  absorbs  33  per  cent,  a  layer  1  inch  thick  absorbs 
26  per  cent,  while  a  layer  y^th  of  an  inch  in  thickness 
absorbs  2  per  cent  of  the  radiation.  Thus  the  absorption 
increases,  and  the  quantity  transmitted  diminishes,  as  the 
thickness  of  the  gaseous  layer  is  augmented.  Let  us  now 
consider  for  a  moment  the  effect  upon  the  earth's  temperature 
of  a  shell  of  olefiant  gas,  surrounding  our  planet  at  a  little  dis- 
tance above  its  surface.  The  gas  would  be  transparent  to  the 
solar  rays,  allowing  them,  without  sensible  hinderance,  to  reach 
the  earth.  Here,  however,  the  luminous  heat  of  the  sim  would 
be  converted  into  non-luminous  terrestrial  heat ;  at  least  26 
per  cent  of  this  heat  would  be  intercepted  by  a  layer  of  gas 
one  inch  thick,  and  in  great  part  returned  to  the  earth.  Under 
such  a  canopy,  trifling  as  it  may  appear,  and  perfectly  trans- 
parent to  the  eye,  the  earth's  surface  would  be  maintained  at 
a  stifling  temperature. 

(546)  A  few  years  ago,  a  work,  possessing  great  charms  of 
style  and  ingenuity  of  reasoning,  was  written  to  prove  that 
the  more  distant  planets  of  our  system  are  uninhabitable. 
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of  unvisual  periods  into  visual  ones.  This  shortening  of 
periods  must  augment  the  discord  between  the  radiating 
source  and  our  series  of  liquids  (§  506),  whose  periods  are 
slow,  snd  hence  augment  their  transparencj  to  the  radiation. 
The  condnsion  was  tested  and  verified  by  experiments  on 
Isyers  of  the  liquids  of  two  diflferent  thicknesses. 

Radiation  thbouoh  Liquids.    Sottbcxs:  1.  Htdbogen-Flami  ; 
2.  Htdbookx-Flaicx  and  Platinum-Spiral. 


• 

TransmiBaion. 

V«oM«riiqald. 

Tbkknesi 

lof  UqakKHMliieh: 

Thickness  of  liquid  (H)7  inch : 

VkoM  onty.  Hum  and  §iinL 

name  only.  Flsme  sad  spliaL 

BiBolphide  of  carbon     ll'l 

8*7-2 

70-4 

860 

Chloiofonn   . 

64-0 

72-8 

60-7 

69-0 

Iodide  of  methyl 

.    81-6 

42*4 

26*2 

86-2 

Iodide  of  ethyl      . 

80-8 

86-8 

24*2 

82-6 

Beniol 

.     84-1 

82*6 

17-9 

28-8 

Anr^ene 

141) 

25*8 

12-4 

24-8 

Snlphiirie  ether 

.     lS-1 

22*6 

8-1 

22*0 

Aeedo  ether . 

lO-l 

18-8 

6-6 

18-6 

Alcohol    . 

.      0-4 

14-7 

5-8 

12-8 

Water  . 

.  8-2 

1-6 

2*0 

6-4 

The  transmission  in  each  case  is  shown  to  be  considerably 
augmented  bj  the  introduction  of  the  platinum  wire. 

(548)  Direct  experiments  on  the  radiation  from  a  hydro- 
gen-flame completely  verify  the  inference  of  Dr.  Miller.  I  had 
constructed  for  me  a  complete  rock-salt  train,  capable  of  being 
substituted  for  the  ordinary  glass  train  of  the  electric  lamp. 
A  double  rock-salt  lens  placed  in  the  camera  rendered  the 
rays  parallel :  they  then  passed  through  a  slit,  and  a  second 
rock-salt  lens  placed  without  the  camera  produced,  at  an  ap- 
propriate distance,  an  image  of  the  slit.  Behind  this  lens  was 
placed  a  rock-salt  prism,  while  Uterally  stood  the  linear  ther- 
mo-electric pile  already  described  (§  309).  Within  the  cam- 
era of  the  electric  lamp  was  placed  a  burner  with  a  single 
aperture,  the  flame  issuing  from  it  occupying  the  position 
usually  taken  up  by  the  coal-points.  This  burner  was  con- 
nected with  a  T-piece,  from  which  two  pieces  of  India-rubber 
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tubing  were  earned,  the  one  to  a  Urge  bjdragai4ioU«^dM 
other  to  the  gas-pipe  o£  the  lafaoimtarj.  It  waa  thu  la  mf 
power  to  have,  at  will,  either  the  gaa^ame  or  the  hjdragefr 
flame.  When  the  fonner  waa  employed,  a  Tiaifale  ^eetnai 
waa  produced,  which  enabled  me  to  fix  the  thermoeleekiB 
pile  in  ita  proper  position.  To  obtain  the  latter,  it  waa  odj 
necesaaiy  to  turn  on  the  hydrogen  until  it  readied  the  gaa^oM 
and  was  ignited;  then  to  turn  off  the  gaa  and  leave  the bydro* 
gen-flame  behind.  In  this  waj,  indeed,  the  one  flame  oodd 
bo  substituted  for  the  other  without  opening  the  door  of  fte 
camera,  or  producing  an j  change  in  the  poaitions  of  Ae 
source,  the  lenses,  the  prism,  and  the  pie. 

(549)  The  spectrum  of  the  luminous  gaa-flame  being  oyt 
upon  the  brass  screen  (which,  to  render  the  colora  more  viBi- 
ble,  was  covered  with  tin-foil),  the  pile  waa  gradually  movad 
until  the  deflection  of  the  galvanometer  became  a  mazimom. 
To  reach  this  it  was  necessary  to  pass  to  some  distance  be 
yond  the  red  of  the  spectrum ;  the  deflection  then  observed 
was 

When  the  pile  was  moved  in  either  direction  from  tius  posi- 
tion, the  deflection  was  diminished. 

(550)  The  hjdrogen-flame  was  now  substituted  for  tbe 
gas-flame ;  the  visible  spectrum  disappeared,  and  the  deflectioo 
fell  to 

Hence,  as  regards  rays  of  this  particular  refrangibilily,  the 
emission  from  the  luminous  gas-flame  was  two  and  a  half  times 
that  from  the  hydrogen-flame. 

(551)  The  pile  was  again  moved  to  and  fro,  the  movement 
in  both  directions  being  accompanied  by  a  diminished  defleO' 
tion.  Twelve  degrees,  therefore,  was  the  maximum  deflection 
for  the  hydrogen-flame ;  and  the  position  of  the  pile,  dete^ 
mined  previously  by  means  of  the  luminous  flame,  proves  that 

deflection  was  produced  by  extra-red  undulations.     I 
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moved  the  pile  a  little  forward,  so  as  to  reduce  the  deflection 
Grom  12^  to  4^,  and  then,  in  order  to  ascertain  the  refrangi- 
lilitj  of  the  rajs  which  produced  this  small  reflection,  re- 
igfated  the  gas.  The  face  of  the  pile  was  found  invading  the 
ed.  When  the  pile  was  caused  to  pass  successively  through 
KMitions  corresponding  to  the  various  colors  of  the  spectrum, 
nd,  to  its  extra-violet  rajs,  no  measurable  deflection  was  pro- 
luced  bj  the  hydrogen-flame. 

(252)  It  is  thus  conclusively  proved  that  the  radiation 
rem  a  hydrogen-flame,  as  fEur  as  it  is  capable  of  measurement 
>y  our  delicate  arrangement,  is  extra  red.  The  other  constitr 
ents  of  the  radiation  are  so  feeble  as  to  be  thermally  in- 
ensible. 

(553)  And  here  we  find  ourselves  in  a  position  to  ofler 
)lutions  of  various  facts,  which  have  hitherto  stood  out  as 
ligmas  in  researches  upon  radiant  heat.  It  was,  for  a  time, 
enerally  supposed  that  the  power  of  heat  to  penetrate  dia- 
lermic  substances  augmented  as  the  temperature  of  the  source 
3came  more  elevated.  Knoblauch  contended  against  this 
3tion,  showing  that  the  heat  emitted,  by  a  platinum  wire, 
lunged  into  an  alcohol-flame,  was  less  absorbed,  by  certain 
iathermic  substances,  than  the  heat  of  the  flame  itself,  and 
iistly  arguing  that  the  temperature  of  the  spiral  could  not  be 
[gher  than  that  of  the  body  from  which  it  derived  its  heat. 
L  plate  of  transparent  glass  being  introduced  between  his  in- 
indescent  platinum  spiral  and  his  thermo-electric  pile,  the 
eflection  of  his  needle  fell  from  36°  to  19°  ;  while,  when  the 
3urce  was  the  flame  of  alcohol,  without  the  spiral,  the  de- 
ection  fell  from  35°  to  16°.  This  proved  the  radiation  from 
le  flame  to  be  intercepted  more  powerfully  than  that  from 
le  spiral ;  or,  in  other  words,  that  the  heat  emanating  from 
le  body  of  highest  temperature  possessed  the  least  penetrar 
ive  power.     Melloni  afterward  corroborated  this  experiment 

(554)  Transparent  glass  allows  the  rays  of  the  visible  spec- 
•um  to  pass  freely  through  it ;  but  it  is  well  known  to  be  highly 
paque  to  the  radiation  from  obscure  sources ;  or  to  waves  of 
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ame  is  more  copiously  transmitted  than  that  £ron 
um.     For  black  glass  he  found  the  foUowing  trai 

JVom  tiM  ibuiM,  From  the  pkUnnm, 

62-6.  42*8. 

knd  f<tf  the  plate  of  black  mica  the  following  tra 

fVam  tiM  flame,  IVom  the  pbtbiim, 

62*8.  52-5. 

(556)  These  results  were  left  unexplained  by  ] 
he  solution  is  now  easy.  The  black  glass  and  thi 
me  their  blackness  to  the  carbon  incorporated  ii 
he  opacity  of  this  substance  to  light,  as  already 
irofves  the  accord  of  its  vibrating  periods  with  t 
risible  spectrum.  But  it  has  been  shown  that  cai 
onsiderable  degree,  pervious  to  the  waves  of  Ic 
hat  is  to  say,  to  such  waves  as  are  emitted  by  a  fls 
K>L  The  case  of  the  carbon  is,  therefore,  precise] 
al  to  that  of  the  transparent  glass,  the  former  t 
he  heat  of  long  period,  and  the  latter  that  of  s 
Qost  fireely.  Hence  it  follows  that  the  introduc 
ilatinum  wire,  by  converting  the  long  periods  o 
ito  short  ones,  augments  the  transmission  throng 
orent  glass  and  selenite,  and  diminishes  it  through 
lass  and  mica. 


HKAT  AS  A  MOMt  09  MOTION. 


CHAPTER  Xm. 


AJn  OJUUh 

AMKLofM  mxnuiuit  m 


(557)  /^^  A  former  occasioo  I  promised  to  make  known  to 
v^  you  the  progress  of  recent  inqniiy  ms  regards  the 
subjcot  of  invisible  radiation.  A  hope  was  expressed  that  I 
sbouM  be  able  to  sift  in  jour  presence  the  composite  emissioa 
of  tbe  electric  lamp ;  to  detach  its  rays  of  darkness  £rom  its 
rairs  of  li^t ;  and  to  show  you  the  power  of  those  dark  rajs 
whea  tbej  axe  properly  intensified  and  concentrated. 

^55>^  The  hour  now  before  us  shall  be  devoted  to  an  at- 
tempt to  redeem  this  promise  and  realize  this  hope.  And,  in 
the  f.rst  place,  it  is  necessary  that  we  should  have  distinct 
nv^ions  re-^rding  these  dark  rays,  or  obscure  rays,  or  invisible 
ni\-s — all  these  adjectives  have  been  applied  to  them.  We 
have  vienned  light  as  wave-motion ;  we  have  learned  that  the 
ditTorent  co!ors  of  light  are  due  to  waves  of  different  lengths; 
nuvl  we  have  also  learned  that,  side  by  side  with  the  visible 
mvs  emitted  by  luminous  sources,  we  have  an  outflow  of  in- 
visible ravs*  This,  accurately  expressed,  means  that,  together 
with  tlu^se  waves  which  cross  the  humors  of  the  eye,  impinge 
u[v^n  the  retina,  and  excite  the  sense  of  vision,  there  are  oth- 
ers which  either  do  not  reach  tbe  retina  at  all,  or  which,  if 
they  do,  are  not  gifted  with  the  power  of  producing  that  spe 
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itfic  motion  in  the  optic  nerve  which  results  in  vision.  Wheth- 
er, and  in  what  degree,  the  dark  rajs  of  the  electric  light 
reach  the  retina,  shall  be  decided  subsequently ;  but,  no  mat- 
ter what  may  be  the  cause  of  their  inefficacy,  whether  it  be 
iue  to  their  bemg  quenched  in  the  humors  of  the  eye,  or  to  a 
specific  incompetence  on  their  part  to  arouse  the  retina,  all 
"ays  which  fail  to  excite  vision  are  called  dark,  obscure,  or  in- 
isible  rays ;  while  all  rays  that  can  excite  vision  are  called 
isible,  or  luminous  rays. 

(559)  It  must  be  confessed  that  there  is  a  defect  in  the 
erms  employed;  for  we  cannot  see  light*  In  interstellar 
pace  we  should  be  plunged  in  darkness,  though  the  waves 
rom  all  suns  and  all  stars  might  be  speeding  through  it.  We 
hould  see  the  suns  and  we  should  see  the  stars  themselves, 
»ut  the  moment  we  ceased  to  face  a  star,  the  moment  we 
mmed  our  backs  upon  it,  its  light  would  become  darkness, 
hough  the  ether  all  around  us  might  be  agitated  by  its  waves. 
Ve  cannot  see  the  ether  or  its  motions,  and  hence,  strictly 
peaking,  it  is  a  misuse  of  language  to  speak  of  its  waves  or 
ays  being  visible  or  invisible.  This  form  of  expression,  how- 
ver,  has  taken  root ;  its  convenience  has  brought  it  into  gen- 
ral  use,  and,  understanding,  by  the  terms  visible  and  invisible 
ays,  wave-motions  which  are  respectively  competent  and  in- 
^mpetent  to  excite  the  optic  nerve,  no  harm  can  result  from 
he  employment  of  the  terms. 

(560)  To  the  detection  of  those  dark  rays  in  the  emission 
>f  the  sun  reference  has  been  already  made,  and  their  exist- 
nce  in  the  emission  of  that  soiut^e  which  comes  next  to  the 
un  in  power — the  electric  light — has  also  been  demonstrated. 
!*he  discoverer  of  the  dark  rays  of  the  sim  was,  as  you  have 
>een  already  informed,  Sir  William  Herschel.  His  means  of 
bservation  were  far  less  perfect  than  those  now  at  gut  com- 
land ;  but,  like  Newton,  he  could  extract  from  Nature  great 
esults  wilh  very  poor  appliances.  He  caused  thermometers 
0  pass  through  the  various  colors  of  the  solar  spectrum,  and 
oted  the   temperature  corresponding  to  each   color.      Ho 

17 


iiili».iui«d«llt.T». 
lnM,nd  food  that  Ike 
iriA  thcTidble  ■|MiliiM,OTe  toita 
Iferad.    TW  ex|a«vt  pmnd  ttat, ride  I9 ride wiAita 

li-iiii»i.j^ltee. 

(S61)  Nov,  Ike  lae  alike 

iBMn^i^it  ii  placwl  in  aay  flokr  ot  las  ^lOot^■^>M^M■(p■ 
WJtBtoJ  bj  m  sbmigkt  liae.  For  **t**,  if  a  fine  «f  ft  aa^ 
tun  Imgtk  be  taken  to  Rfmaent  n  liM  of  one  degie^  a  !■• 
ctf  tvioe  tknt  le^tk  viU 


while  a  line  of  half  the  length  would  lepnmnt  m  rise  of  bK 
a  dc^rnv.  In  order  to  show  the  distribntion  of  beat  in  tbt 
Fpivtnun  of  ibe  sun,  Sir  William  Hendd  adopted  this  if 
viiv  of  rrpr««enlin{r  Icmperatives  bjfinM:  Drawing  a  bori- 
zioiud  linp,  A.  K  (%.  97),  to'  repmort  dw  kngdi  of  the  ijw 
tnim,  and  erccting  at  iu  Tarioos  pointa  porpendSoaUrs  to  rep- 
ivsent  tbe  heat  of  tbe  spectnmi  at  tbooe  points,  on  anitiig 
the  cimIs  of  those  pcrpeDdiralars,  be  obtained  a  curve,  wUii 
oshibii^  at  a  {HsDce  the  distribation  of  bnt  in  the  solar  Mp» 
tmiii.  Tit'  K'ltcrK  dutLs  s  point  in  the  blue  of  tbe  qKcIni 
whiT*'  the  boat  first  bt'cami:'  sensible ;  from  K  to  D,  wlu* 
nwris  tbe  limit  of  tbe  red,  the  t«npeiature  steadily 
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u  ahowD  by  the  increased  heig^ht  of  the  carve.  At  o  the 
risible  spectrum  ceased,  but  aa  mvisible  one  extended  beyond 
D  to  A,  where  it  vaniBhed.  According,  then,  to  the  obserra- 
tiona  of  Sir  William  Herschel,  the  white  space  b  d  S  lepre- 
•enta  the  thermal  value  of  the  visible,  while  the  block  space 
A  B  D  represents  the  thermal  value  of  the  invisible  radiation 
of  the  sun. 

(S63)  With  the  more  perfect  apparatus  subsequently  de- 
vised by  Melloni,  Professor  Muller,  of  Freiburg,  ezamioed  the 
distribution  of  heat  in  the  solar  spectrum.  The  results  of  his 
ohservationd  are  rendered  graphically  in  fig.  98,  where  the 
srea  dob  represents  the  visible,  aod  a  b  C  l>  the  invidble  ni>- 
diation. 

(563)  Before  proceeding  to  our  own  measurements,  it  is 
deurable  to  make  a  few  remarks  upon  the  generation  and  in- 
tensification of  rays,  visible  and  invisible.  A  solid  body  at 
the  ordinary  temperature  of  oiur  air  has  its  molecules  in  mo- 
tion ;  but  it  emits  rays  of  too  low  a  re&angibility,  or,  iu  other 
words,  it  generates  undulations  which  are  too  long,  and  of 
too  slow  recurrence,  to  excite  vi«on.  Conceive  its  tempera- 
ture gradually  augmented.     With  the  increased  temperature 


more  rapid  vibrations  are  introduced  among  the  molecules  of 
the  body ;  and,  at  a  certain  temperature,  the  vibrations  are 
aufBciently  rapid  to  uFft-ct  the  eye  as  light.  The  body  glows, 
and,  first  of  all,  as  proved  by  Dr.  Dra{>cr,  the  light  is  a  pure 
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bj  the  position  of  the  pile,  as  this  position  remained  through- 
out unchanged,  the  vibration  'was  unchanged  also. 

(566)  The  following  column  of  numbers  shows  the  rise  of 
intensity  of  the  particular  obscure  rays  falling  on  the  pile,  as 
the  platinum  spiral  passed  through  its  various  degrees  of  in- 
candc^scence  up  to  white  heat. 

Aroeaniiee  Bftdiatiaa  of 

oiBirfnL  obflovuebuid. 

Dark        .......  1 

Dark              ......  6 

Faint  r«d              ...•••  10 

Dull  red         .            .            .            .            .            .  18 

Red 18 

FuH  red          .....            •  27 

OniDge    .             ......  60 

YeUow          ••..•.  98 

Full  white            ......  122 

Thus  we  prove  that,  as  the  new  and  more  rapid  vibrations 
are  introduced,  the  old  ones  become  more  intense,  until  at  a 
white  heat  the  obsctue  rays  of  a  special  refrangibility  reach  an 
intensity  122  times  that  possessed  by  them  at  the  commence- 
ment. This  abiding  and  augmentation  of  the  dark  rays  when 
the  bright  ones  are  introduced  may  be  expressed  by  the 
•phrdLse  persistence  of  rays, 

(567)  What  has  been  here  demonstrated  regarding  an  in- 
candescent platinum  spiral  is  also  true  of  the  electric  light. 
Side  by  side  with  this  outflow  of  intensely  luminous  rays,  we 
have  a  corresponding  outflow  of  obscure  ones.  The  carbon- 
points,  like  the  platinum  spiral,  may  be  raised  from  a  state  of 
obscure  warmth  to  a  brilliancy  almost  equal  to  that  of  the  sim, 
and,  as  this  occurs,  the  obscure  radiation  also  rises  enormously 
in  intensity.  The  investigation  of  the  distribution  of  heat  in 
the  spectrum  of  the  electric  light  will  yield  us  important  re- 
sults, and  will  fitly  prepare  the  way  for  those  experiments  on 
invisible  rays  to  which  I  shall  subsequently  direct  your  atten- 
tion. 

(568)  The  thermo-electric  pile  employed  is  this  beautiful 


or  MonoH. 

Ml 1  tlhmiBf  ^dkMMid  to  at  oooalraoted  bj  BulnnkorfL 

It  ouuviHU,  MB  juu  kncMT,  off  ft  tii^gle  row  of  demenU  propeify 
nKMaiitod  and  ■ttarihgd  to  a  Cookie  bnas  aoreen.  It  baa  m 
fiKMit  two  ailverad  edgoa,  wUob,  bj  meana  ot  a  aorew,  oaa  be 
muMMi  U>  close  upon  Ife  pik,  ao  aa  to  render  ita  &ce  aa  aai^ 
row  MM  lii^mble,  reduon^  k  to  dw  width  of  the  finest  baii^ 
or,  iiHltHMi,  Khutting  it  off  altogether.  By  meana  of  a  nitn  * 
haiiciltt  ami  lung  screw,  the  plaie  of  braaa  and  the  pile  attadwd 
Ui  it  iM»u  be  moved  gently  to  and  fro,  and  thna  the  yertioBlalii 
of  lh«)  |ule  oan  bo  caused  to  liaTcrae  the  entire  apeotrom,  or 
lik  (MUM  beyoiiil  it  in  both  directiona.  The  width  of  the  speo- 
iruiu  was  in  each  case  equal  to  the  length  of  the  fiuse  of  the  pifei 
(5G9)  To  produce  a  steady  spectnun  of  the  eleotrio  h^^ 
I  employed  a  regulator  devised  by  M.  Foooanh  and  oonstmot- 
od  by  Duboscq,  the  constancy  of  .which  is  admirable.  A  com- 
pleto  rook-salt  train  was  constructed,  the  arrangment  of  wbid 
has  been  already  indicated.  In  .the  front  orifice  of  the  camera 
which  surrounds  the  electric  lamp  was  placed  a  lena  of  trans- 
parent rock-salty  intended  to  reduce  to  paralleliam  the  divov 
gent  rays  proceeding  from  the  carbon-points.  The  parallel 
beam  was  permitted  to  pass  through  a  narrow  alit,  in  front  of 
which  was  placed  another  rock-salt  lens,  the  position  of  this 
Ions  being  so  arranged  that  a  sharply-defined  image  of  the 
slit  was  obtained  at  a  distance  beyond  it  equal  to  that  at 
which  the  spectrum  was  to  be  formed.  Immediately  behind 
this  lens  was  placed  a  pure  rock-salt  prism  (sometimes  two  of 
them).  The  beam  was  thus  decomposed,  a  brilliant  horizontal 
spectrum  being  cast  upon  the  screen  which  bore  the  thermo* 
electric  pile.  By  turning  the  handle  already  referred  to,  the 
fjEU^e  of  the  pile  could  be  caused  to  traverse  the  spectrum,  an 
extremely  narrow  band  of  light  or  radiant  heat  fdling  upon 
it  at  each  point  of  its  march.*  A  sensitive  galvanometer  was 
connected  with  the  pile,  and  from  its  deflection  the  heatings 
power  of  every  part  of  the  spectrum,  visible  and  invisible,  was 
I 

*  Tho  width  of  the  linear  pile  wan  0*08  of  an  inch. 
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(570)  Two  modes  of  moving  the  instrument  were  prae- 
iised,  the  description  of  one  of  which  will  be  sufficient  here. 
The  face  of  the  pile  was  brought  to  the  violet  end  of  the  speo- 
trum,  where  the  heat  is  insensible,  and  then  moved,  as  I  now 
move  it,  through  all  the  colors  to  the  red ;  then  past  the  red 
up  to  the  position  of  maximum  heat,  and  afterward  beyond 
this  position  until  the  heat  of  the  invisible  spectrum  gradually 
£Euled  away.  The  following  table  contains  a  series  of  meas- 
lu^ments  executed  in  this  manner.  The  motion  of  the  pile  is 
measured  by  turns  of  its  handle,  every  turn  corresponding  to 
the  shifting  of  the  face  of  the  instrument  through  a  space  of 
one  millimetre,  or  ^th  of  an  inch.  At  the  beginning,  where 
the  increment  of  heat  was  slow  and  gradual,  the  readings  were 
taken  at  every  two  turns  of  the  handle  ;  on  quitting  the  red, 
where  the  heat  suddenly  increases,  the  intervals  were  only 
half  a  turn,  while  near  the  maximum,  where  the  changes  were 
most  sudden,  the  intervals  were  reduced  to  a  quarter  of  a  turn, 
which  corresponded  to  a  translation  of  the  pile  through  y^th 
of  an  inclr.  Intervals  of  one  and  of  two  turns  were  after- 
ward resumed,  until  the  heating-power  ceased  to  be  distinct. 
At  every  halting-place  the  deflection  of  the  needle  was  noted. 
Calling  the  maximum  effect  in  each  series  of  experiments  100, 
the  column  of  figures  in  the  following  table  expresses  the  heal 
of  all  the  other  parts  of  the  spectrum  : 
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Calorific  inteoBlty 
Morament  of^Oa.  in  100th  of  the 

maximum. 

Before  starting  (pile  in  the  blue)        ....  0 

Two  toniB  forward  (green  entered)          ....  2 

"                     S 

•*                 8 

"                 (red  entered)         ....  21 

"                 (extreme  red) 46 

Half  turn  forward 60 

74 

85 
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H^tanfiBTwud M 

•*                   W 

<)BU«cr  ton  fenrwd,  MoiMM 100 

••                    ...        J        ...  W 

Half  turn  ibnmd 78 

*•                    M 

«                 4S 

"                     1 

NMrwd  •••••  ..1' 


2 
% 


(571)  Hera^  at  whmdj  stated,  we  b^gni  in  the  blue,  and 
pass  first  tbro^gli  tiie  Tisifale  speotmm.  Quitting  this  at  the 
place  maiked  (** extreme  red")*  we  enter  the  invisible  cal* 
orific  spectmm  and  leadi  the  position  of  maxinnnrf  heat,  from 
which,  onward,  tiie  thennal  power  fidls  till  it  piaotically  disr 
a|^[iears. 

(5Td)  Mae  than  a  donen  series  of  such  measurements 
wenr  executed,  eadi  series  giving  its  own  curve.    On  8upe^ 
p^xsing  the  difleient  curves,  a  very  dose  agreement  was  found 
to  exist  between  them.    The  annexed  figure  (fig.  99),  which 
is  the  mean  of  several,  expfeases,  with  a  dose  approximation 
to  accuracy,  this  distribution  of  heat  in  the  spectrum  of  the 
electric  light  from  fifty  cells  of  Grove.    The  space  a  b  c  d 
represents  the  invisible,  while  ens  represents  the  visible  ra- 
iliatii>n.     We  here  see  the  gradual  augmentation  of  thermal 
p^^wor,  from  the  blue  end  of  the  spectrum  to  the  red.     But  in 
the  region  of  dark  rajs  beyond  the  red  the  curve  shoots  sud- 
ilouly  upward  in  a  steep  and  massive  peak — a  kind  of  Matte^ 
horn  of  heat — which  quite  dwarfis  by  its  magnitude  the  por- 
tion of  the  diagram  representing  the  visible  radiation. 

(573)  The  sun^s  rays  before  reaching  the  earth  have  to  pass 
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:in4  ^^7  Jis^  A  »>DB  OP  Monoir. 

^hr^.iic!!  lar  vaHflOBBEis;.  die  iqiMmi  Tmpor  of  which  ezereifleB 
M.  yi^wtsaxL  uaunidun  m  cbe  mTisiUe  cmlorific  rajs.  From 
Ui^  lOK^  imn  ider  •^ooBiientiooay  it  would  follow  that  the 
rmti'.'  uf  VK  mraliit!  »  tbe  visSiXe  ndimtion,  in  the  cmae  of  the 
Buxi,  mus  iR  jeam  'ima  m  cfe  cue  of  the  electric  light  Ez- 
jierinMOii,  -wt  aw.  ^iiiia^ii  ■  this  condosioD ;  for,  whereu  fig. 
W  hbuwf  vat  irrsBbitf  mfimrinn  of  the  sun  to  be  about  twice 
Xhr  ricibile,  %.  i^  dbows  the  inriaible  radiation  of  the  dectiic 
li^ht  to  be  neazir  eight  tnim  the  Tisible.  If  we  caiue  the 
1>f«atn  from  the  decuiL  laiap  to  paas  through  a  layer  of  water 
t^f  nuitable  thickneM^  we  place  its  radiation  in  approzimatelj 
iho  iMiinc  condition  aa  that  of  the  son ;  and  on  decomposmg 
\\w  Ivam,  after  it  has  been  thus  sifted,  we  obtain  a  distribo- 
luM)  of  heat  closely  resembling  that  observed  in  the  solar  spec- 

V>74)  The  cunre  representing  the  distribution  of  heat  in 
«'s^  .^Uvtrio  spectrum  falls  roost  steeply  on  that  side  of  the 
uv«\-.t*.\nu  which  is  most  distant  from  the  red.  On  both  sides, 
^v^\«  .^xvi,  wt^  hare  a  c<mtinuou$  fiJling  ofL  I  have  made  nu- 
iiK  .xH)^x  o\|HMrtmonts  to  ascertain  whether  there  is  any  iDte^ 
v^.-. 'vut  ^'i'  vx^tinuity  in  the  calorific  spectrum;  but  all  the 
iu^.»<i  ivnvui^  hitherto  executed  with  artificial  sources  revesl 
*  ^..*si>.:.fcs  4u>|  ixvntinuous  augmentation  of  heat  from  the  point 
\v  I    V-    b  fii:«i  Unxmuos  sensible  up  to  the  maximum. 

yMV^^  Sur  Jv>hii  Ilorschcl  has  shown  that  this  is  not  the 
va>.v>  \%iiN  ih\'  RAiUation  from  the  sun  when  analyzed  by  a 
iluiL  ^Ltu  (»xi^n.  IVnnitting  the  solar  spectrum  to  fidl  upon 
li  shv^'t  of  WiiokoiKxl  paper,  over  which  had  been  spread  a 
\Nii»K  of  aKvhi>I,  this  eminont  philosopher  determined  by  its 
tlrvin>C"lx»wtT  the  hcatin^-jK»wor  of  the  spectrum.  He  found 
tliat  the  wet  surface  dried  in  a  series  of  spots  representing 
t hernial  maxima  separated  from  each  other  by  spaces  of  com- 
|>aratively  feebltj  eah)rific  intensity.  No  such  maxima  and 
minima  were  observed  in  the  spectrum  of  the  electric  light, 
nor  in  the  spectrum  of  a  platinum  wire  raised  to  a  white  heat 
voltaic  curn»iit.     Prisms  and  lenses  of  rock-salt,  of  crown 
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glass,  and  of  flint  glass,  were  employed  in  these  cases.  In 
other  experiments  the  beam  intended  for  analysis  was  caused 
to  pass  through  layers  of  water  and  other  liquids  of  various 
thicknesses.  Ckuses  and  vapors  of  various  kinds  were  also  in- 
troduced into  the  path  of  the  beam.  In  all  cases  there  was  a 
general  lowering  of  ibb  calorific  power,  but  the  descent  of  the 
curve  on  both  sides  of  the  maximum  was  unbroken.* 

(576)  The  rays  from  an  obscure  source  cannot,  as  already 
remarked,  compete  in  point  of  intensity  with  the  obscure  rays 
of  a  luminous  source.  No  body  heated  under  incandescence 
could  emit  rays  of  an  intensity  comparable  to  those  of  the 
maximum  region  of  the  electric  spectrum.  I£^  therefore,  we 
wish  to  produce  intense  calorific  effects  by  invisible  rays,  we 
must  choose  those  emitted  by  an  intensely  luminous  source. 
The  question  then  arises,  How  are  the  invisible  calorific  rays 
to  be  isolated  from  the  visible  ones  ? 

(577)  The  inteiposition  of  an  opaque  screen  suffices  to  cut 
off  the  visible  spectrum  of  the  electric  light,  and  leaves  us  the 
invisible  calorific  rays  to  operate  upon  at  our  pleasure.  Sir 
William  Herschel  experimented  tl^us  when  he  sought,  by  con- 
centrating them,  to  render  the  invisible  rays  of  the  sun  visible. 
But  to  form  a  spectrum  in  which  the  invisible  rays  shall  be 
completely  separated  from  the  visible  ones,  a  liarrow  slit  or  a 
small  aperture  is  necessary ;  and  this  circumstance  renders  the 
amount  of  heat  separable  by  prismatic  analysis  very  limited. 
If  we  wish  to  ascertain  what  the  intensely  concentrated  invisi- 
ble rays  can  accomplish,  we  must  devise  some  other  mode  of 
detaching  them  from  their  visible  companions.  We  must,  in 
fact,  discover  a  substance  which  shall  filter  the  composite 
radiation  of  a  luminous  source  by  stopping  the  visible  rays  and 
allowing  the  invisible  ones  free  transmission. 

(578)  The  main  object  of  these  researches  was,  as  already 
intimated,  to  make  radiant  heat  an  explorer  of  molecular  con- 
dition, and 'the  marked  difference  between   elementary  and 

*  At  a  future  day  I  hope  to  subject  this  question  to  a  more  severe  examina- 
tion. 
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oompound  bodies  which  the  experiments  levesl  is,  in  my  esti- 
mation, a  point  destined  to  be  firuitful  in  important  oonse^ 
quences.  As  soon  as  this  difference  came  dearij  out  ia  tlie 
case  of  gases,  liquids  were  looked  to,  and  the  action  of  snch  u 
I  was  able  to  examine  fell  in  surprisinglj  with  the  prerioioly 
observed  deportment  of  gaseous  bodi^  Gould  we  then  ob- 
tain a  bku^  elementary  body  thoroughly  homogeneous,  and 
with  all  its  parts  in  perfect  optical  contact,  we  should  probsUj 
find  it  an  effectual  filter  for  the  radiation  of  the  sun  or  of  tlie 
electric  light.  While  cutting  off  the  visible  radiation,  tbe 
black  element  would,  probably,  allow  the  invisible  to  paOi 

(579)  Carbon  in  the  state  of  soot  is  blad^  but  its  parts  an 
not  optically  continuous.  In  black  glass  the  continuity  is  hi 
more  perfect,  and  hence  the  result  established  by  Melloni,  that 
black  glass  possesses  a  considerable  power  of  transmissicsL 
Gold  in  ruby  glass,  or  in  a  state  of  jelly  prepared  by  Mr.  Fara- 
day, is  exceedingly  transparent  to  the  invisible  calorific  rays, 
but  it  is  not  black  enough  to  quench  entirely  the  visible  one& 
The  densely-brown  liquid  bromine  is  better  suited  to  our  pin^ 
pose  ;  for,  in  thicknesses  sufiScient  to  quench  the  light  of  our 
brightest  flames,  this  element  displays  extraordinary  diathe^ 
mancy.  Iodine  cannot  be  applied  in  the  solid  condition,  but 
it  dissolves  freely  in  various  liquids,  the  solution  in  some  cases 
beinp^  intensely  dark.  Here,  however,  the  action  of  the  ele- 
ment may  be  masked  by  that  of  its  solvent.  Iodine,  for  ex- 
ample, dissolves  freely  in  alcohol ;  but  alcohol  is  so  destructive 
of  the  extra-red  rays,  that  it  would  be  entirely  unfit  for  experi- 
ments the  object  of  which  is  to  retain  these  rays,  while  quench- 
ing the  visible  ones.  The  same  remark  applies  in  a  greater 
or  less  degree  to  many  other  solvents  of  iodine. 

(580)  The  deportment  of  bisulphide  of  carbon,  both  as  a 
vapor  and  a  liquid,  suggests  the  thought  that  it  would  form  a 
most  suitable  solvent.  It  is  extremely  diathermic,  and  there 
is  hardly  another  substance  able  to  hold  so  large  a  quantity 
of  iodine  in  solution.  Experiments  already  recorded  (§  506) 
prove  that,  of  the  rays  emitted  by  a  red-hot  platinum  spiral, 
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94*5  per  cent*  is  transmitted  by  a  layer  of  the  liquid  0*02  of 
an  inch  in  thickness/ the  transmission  through  layers  0*07  and 
0*27  of  an  inch  thick  being  87'5  and  82*5  respectively.  An- 
other experiment  with  a  layer  of  greater  thickness  will  exhibit 
the  deportment  of  the  transparent  bisulphide  toward  the  far 
more  intense  radii^^on  of  the  electric  light. 

(581)  This  cylindrical  cell,  2  inches  in  length  and  2'8 
inches  in  diameter,  with  its  ends  stopped  by  plates  of  perfect- 
ly transparent  rock-salt^  was  placed  empty  in  front  of  an  elec- 
tric lamp ;  the  radiation  from  the  lamp,  after  having  crossed 
the  cell,  fell  upon  a  thermo-electric  pile,  and  produced  a  de- 
flection of 

Leaving  the  cell  undisturbed,  the  transparent  bisulphide 
of  carbon  was  poured  into  it :  the  deflection  fell  to 

72^ 

A  repetition  of  the  experiment  gave  the  following  results : 

Defleotfon. 
Through  empty  cell    .....  74* 

Through  bisulphide  .  .  .  •  .78 

Taking  the  values  of  these  deflections  from  a  table  of  cali- 
bration and  calculating  the  transmission,  that  through  the 
empty  cell  being  100,  we  obtain  the  following  results : 

TraiiBmlssioiL 
From  the  first  experiment  .  .  .  94*9  per  cent 

From  the  second  experiment    .  .  .    94*6        ** 

Mean      .....    94*8 

Hence  the  introduction  of  the  bisulphide  lowers  the  trans- 
mission only  from  100  to  94*8.* 

(582)  A  perfect  solvent  of  the  iodine  would  be  entirely 
n'eutral  to  the  total  radiation ;  and  the  bisulphide  of  carbon  is 

*  The  diminution  of  the  reflection  from  the  sides  of  the  cell  hj  the  intro- 
duction of  the  bisulphide  is  not  hero  taken  into  account. 
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shown  by  the  foregoing  experiment  to  approach  Yerj  near 
perfection.  We  have  in  it  a  body  capable  of  transimttiiig 
with  little  lou  the  total  radiation  oi  the  electric  light  Our 
object  is  now  to  filter  this  total  by  the  introduction  into  tke 
bisulphide  of  a  substance  competent  to  quendi  the  viaiMe  and 
transmit  the  invisible  rays.  That  iodine  does  this  with  nuff* 
vellous  sharpness  it  is  now  my  business  to  prove. 

(583)  A  rock-salt  cell,  filled  with  the  irangparent  bisidpludc 
of  carbon,  was  placed  in  front  of  the  camera  which  contaiited 
the  white-hot  platinum  spiraL  The  transparent  liquid  was 
then  drawn  ofi",  and  its  place  supplied  by  the  solution  of  io- 
dine. The  deflections  observed  in  the  respective  cases  sre  ai 
follows : 

Radiatiok  noM  Whits-hot  Platinitii. 

Tfaroogh  traiuiMrait  Hqidd.  nmragh  opaque  BqnU. 

78-9°  73-8** 

78*0  72-» 

(584)  All  the  luminous  rays  passed  through  the  trans- 
parent bisulphide,  7ione  of  them  passed  through  the  solution 
of  iodine.  Still  we  see  what  a  small  effect  is  produced  bj 
their  withdrawaL  The  actual  proportion  of  luminous  to  ob- 
scure rays,  as  calculated  from  the  above  observations,  may  be 
thus  expressed : 

Dividing  the  radiation  from  a  platinum  wire  raised  to  a 
dating  whiteness  by  an  electric  current  into  twenty-four  equd 
partSy  one  of  those  parts  is  luminous^  and  twenty-three  ob- 
scure, 

(585)  A  bright  gas-flame  was  substituted  for  the  platinum 
spiral,  the  top  and  bottom  of  the  flame  being  shut  off,  and  it5 
most  brilliant  portion  chosen  as  the  source  of  mys.  The  re- 
sult of  forty  experiments  with  this  source  may  be  thus  ex- 
pressed : 

Dividing  the  radiation  from  the  most  brilliant  portion  of 
a  flame  of  coaJrgas  into  twenty  five  equai  parts^  one  of  iho» 
parts  is  luminous  and  twenty-four  obscure. 
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(586)  I  next  examined  the  ratio  of  obscure  to  luminous 
fijrs  in  the  electrio  li^t.  A  battery  of  fifty  cells  was  em- 
ployed, and  the  xock-salt  lens  was  used  to  render  the  rays 
from  tiie  coal-points  parallel  To  prevent  the  deflection  from 
reaching  an  inconvenient  magnitude,  the  parallel  rays  were 
caused  to  pass  through  a  circular  aperture  0*1  of  an  inch  in 
^meter,  and  were  sent  alternately  through  the  transparent 
bisulphide  and  the  opaque  solution.  It  is  not  easy  to  obtain 
perfect  steadiness  on  the  part  of  the  electric  light ;  but  three 
experiments  carefully  executed  gave  the  following  deflections : 

Radiation  ibom  Electbio  Light.  « 

Through  Thronsb 

truiAparent  GS*.  opftque  aofatloa. 

Experimciit  No.  I.      .        .        .  72-0°  700** 

Experiment  No.  II.         ...    76*6  760 

Experiment  No.  III.  .        .        .         77-6  766 

Calculating  from  these  measurements  the  proportion  of  lumi- 
nous to  obscure  heat,  the  result  may  be  thus  expressed : 

Dividing  the  radiation  from  the  electric  light  produced  by 
fl  Grovels  battery  of  fifty  cells^  mto  ten  equal  parts^  one  of 
Aofe  parts  is  lumifious  and  nine  obscure. 

The  results  hitherto  obtained  with  various  sources,  radiat- 
ing through  iodine,  may  be  thus  tabulated  : 

Radiatio.h  thbouoh  Dissolved  Iodine. 

Sonroe.  AtMorptlon.  Transmisstoii. 

Dark  spiral 0  100 

Lamp-black  at  212"*  Fahr.      ...       0  100 

Red-hot  apiral 0  100 

Hjdrogen-flame     .        .        .        ,        .      0  100 

Oil-flame 3  97 

Gas-flame 4  96 

White-hot  spiral       ....  4*6  964 

Electriclight 10  90 

(587)  Subsequent  experiments  with  a  battery  of  fifty  colls 
niade  the  transmission  in  the  case  of  the  electric  light  89,  and 
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the  absorption  11.  Considering  the  transparency  of  the  lodiDe 
for  heat  emitted  by  all  sources  heated  barely  up  to  Idgu- 
descence,  as  exhibited  in  the  above  table,  it  may  be  inferred 
that  the  absorption  of  11  per  cent*  represents  the  calorific  in- 
tensity of  the  luminous  rays  alone.  By  the  method  of  filto- 
ing,  therefore,  we  make  the  invisible  radiation  of  the  electiie 
light  eight  times  the  visible.  Computing,  by  means  of  a  proper 
scale,  the  area  of  the  spaces  a  b  c  d,  c  d  b  (fig.  99),  the  for 
mer,  which  represents  the  invisible  emission,  is  found  to  be  7*7 
times  the  latter.  Pristbatic  analysis,  therefore,  and  the  method 
of  filtering,  yield  almost  exactly  the  same  result 

(588)  It  is  plain  from  the  description  of  the  experiments 
that  the  foregoing  results  refer  to  the  action  of  the  iodine  dift- 
solved  in  the  bisulphide  of  carbon.  The  transmission  of  100, 
for  example,  does  not  indicate  that  the  solution  itself,  but  tb«t 
the  iodine  in  the  solution,  is  perfectly  diathermic  to  the  radift- 
tion  from  the  first  four  sources. 

(589)  Having  thus,  in  the  solution  of  iodine,  found  a  means 
of  almost  perfectly  detaching  the  obscure  firom  the  luminous 
heat-rays  of  electric  light,  we  are  able  to  operate  at  vrill  upon 
the  former.     I  place  a  rock-salt  lens  in  this  camera  so  as  to 
form  a  small  image  of  the  coal-points.     A  battery  of  forty 
cells  being  employed,  the  track  of  the  cone  of  rays  emergent 
from  the  lamp  is  plainly  seen  in  the  air,  and  their  point  of  con- 
vergence, therefore,  easily  fixed.     Fixing  the  cell  containing 
the  opaque  solution  in  front  of  the  lamp,  the  luminous  cone  is 
entirely  cut  off,  but  the  intolerable  temperature  of  the  focus, 
when  the  hand  is  placed  there,  shows  that  the  calorific  rajs 
are  still  transmitted.     Placing  successively  in  the  dark  focus 
thin  plates  of  tin  and  zinc,  they  are  speedily  fused  ;  matches 
are  ignited,  gun-cotton  is  exploded,  and  brown  paper  set  on 
fire.     With  a  battery  of  sixty  of  Grove's  cells,  all  these  re- 
sults are  readily  obtained  with  the  ordinary  glass  .lenses  of 
Duboscq's  electric  lamp.     It  is  extremely  interesting  to  ob- 
serve in  the  middle  of  the  air  of  a  perfectly  d^k  room  a  piece 
of  black  paper  suddenly  pierced  by  the  invisible  rays,  and  the 
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boming  ring  expanding  on  all  sides  from  the  centre  of  igni- 
tion. 

(590)  On  November  16,  1864,  a  few  experiments  were 
made  on  solar  ligbt  The  heavens  were  not  free  from  clouds, 
nor  the  London  atmosphere  from  smoke,  and  at  best  only  a 
portion  of  the  action  which  a  dear  day  would  have  given  was 
obtained.  Happening  to  possess  this  hollow  lens,  I  filled  it 
with  the  concentrated  solution  of  iodine.  Placed  in  the  path 
of  the  solar  rajs,  a  iamt  red  ring  was  imprinted  on  a  sheet  of 
white  paper  held  behind  the  lens,  the  ring  contracting  to  a 
&int>red  spot  when  the  focus  of  the  lens  was  reached.  It 
was  immediately  found  that  this  ring,  was  produced  by  the 
light  which  had  penetrated  the  thin  rim  of  the  liquid  lens. 
Pasting  a  zone  of  black  paper  round  the  rim,  the  ring  was 
entirely  cut  off  and  no  visible  trace  of  solar  light  crossed 
the  lens.  At  the  focus,  whatever  light  passed  would  be 
intensified  nine  hundred-fold;  still  even  here  no  light  was 
visible, 

(591)  Not  so,  however,  with  the  sun's  obscure  rays :  the 
focus  was  burning  hot.  A  piece  of  black  paper  placed  there 
was  instantly  pierced  and  set  on  fire ;  and,  by  shifting  the  pa- 
per, aperture  after  aperture  was  formed  in  quick  succession. 
Gunpowder  was  also  exploded. 

(592)  From  the  setting  of  paper  on  fire  and  the  fusion  of 
non-refractory  metals,  to  the  rendering  of  refractory  bodies 
incandescent  by  the  invisible  rays,  the  step  was  immediate 
and  inevitable.  And  here  the  inquiry  derived  a  stimulus 
from  the  fact  that,  on  theoretic  grounds,  some  eminent  minds 
doubted  whether  the  attainment  of  incandescence  by  invisible 
rays  was  possible.  A  moment's  reflection  will  make  plain  to 
you  that  the  success  of  the  experiment  involved  a  change  of 
period  on  the  part  of  the  calorific  waves.  For  if,  without  the 
aid  of  combustion,  waves  of  too  slow  a  recurrence  to  excite 
the  sense  of  vision  were  to  render  a  refractory  body  luminous, 
it  could  only  be  by  compelling  the  molecules  of  that  body  to 
vibrate  more  rapidly  than  the  waves  which  fell  upon  them. 
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Whether  thb  change  of  period  oould  be  dfected  had  loiqpbeea 
ooQsidered  doubtfiiL 

(5d3)  A  few  preUmiiiaiy  experimeiita  witib  ii]atnii]in4dy 
which  resulted  in  fulure,  raised  the  question  whedier,  em 
with  the  Mai  mdiatianj  bright  and  dafk,  of  the  deolrio  Vij^ 
it  would  be  possible  to  obtain  incandesoenoe  without  ooodNi^ 
tion.  Abandoning  the  use  of  lenses  altogether,  a  dun  ksf  of 
platinum  was  caused  to  approach  the  ignited  coatpoints.  It 
was  observed  by  myself  from  behind,  while  my  assistant  stood 
beside  ihe  lamp,  and,  looking  through  a  dark  glass^  watdied 
the  distance  between  the  platinum-foil  and  the  electrio  light 
At  half  an  inch  from  the  carbon-points  the  metal  became  le^ 
hot  The  problem  now  before  me  was  to  obtain,  at  a  gresler 
distance,  a  focus  of  rays  which  should  possess  a  heatin^^powv 
equal  to  that  of  the  direct  rays  at  a  distance  of  half  an  inoh. 

(594)  In  the  first  attempt  the  direct  rays  were  utiliaed  si 
much  as  possible.  A  piece  of  platinum-foil  was  placed  at  t 
distance  of  an  inch  from  the  carbon-points,  there  receiving  the 
direct  radiation.  The  rays  emitted  baehoard  from  the  points 
were  at  the  same  time  converged  by  this  small  minor  upon 
the  foil,  and  were  found  more  than  sufficient  to  compensate  for 
the  diminution  of  intensity  due  to  withdrawal  of  the  foil  to  the 
distance  of  an  inch.  By  the  same  method,  incandescence  was 
subsequently  obtained  when  the  foil  was  removed  two,  and 
even  three,  inches  from  the  carbon-points. 

(595)  This  enabled  me  to  introduce  between  the  focus  snd 
the  source  of  rays  a  cell  containing  the  solution  of  iodinei 
The  dark  rays  transmitted  were  found  of  sufficient  power  to 
if^me  paper,  or  to  raise  platinum-foil  to  incandescence. 

(596)  The  experiments,  however,  were  not  unattended 
with  danger.  The  bisulphide  of  carbon  is  extremely  inflam- 
mable ;  and  on  the  2d  of  November,  1864,  while  employing  a 
very  powerful  batteiy  and  intensely-heated  carbon-points,  the 
substance  took  fire,  and  instantly  enveloped  the  electric  lamp 
and  all  its  appurtenances  in  flune.    Happily  the  preoaution 

1  been  taken  of  placing  the  entire  apparatus  in  a  flat  vessd 
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oontaming  water,  into  which  the  flaming  mass  was  sunftnarily 
turned.  The  bisulphide  of  carbon  being  heavier  than  the  wa- 
ter,  sank  to  the  bottom,  so  that  the  flames  were  speedily  ex- 
tinguished.    Similar  accidents  occurred  twice  subsequently. 

(597)  Such  occurrences  caused  me  to  seek  earnestly  for  a 
substitute  for  the  bisulphide.  Pure  chloroform,  though  not  so 
diathermic,  transmits  the  invisible  rays  pretty  Copiously,  and 
it  freely  dissolves  iodine.  In  layers  of  the  thickness  employed, 
however,  the  solution  was  not  sufficiently  opaque ;  and  its  ab- 
sorptive power  enfeebled  the  effects.  The  same  remark  applies 
to  the  iodides  of  methyl  and  ethyl,  to  benzole,  acetic  ether, 
and  other  substances.  They  all  dissolve  iodine,  but  they 
weaken  the  results  by  their  action  on  the  dark  rays. 

(598)  Special  cells  were  then  constructed  for  the  element 
bromine  and  for  chloride  of  sulphur.  Neither  of  these  sub- 
stances is  inflammable ;  but  they  are  both  intensely  corrosive, 
and  their  action  upon  the  lungs  and  eyes  is  so  irritating  as  to 
tender  their  employment  impracticable.  With  both  liquids, 
however,  powerful  effects  were  obtained ;  still  their  diather- 
mancy did  not  come  up  to  that  of  the  dissolved  iodine.  Bf- 
chloride  of  carbon  would  be  invaluable  if  its  solvent  power 
were  equal  to  that  of  the  bisulphide.  It  is  not  at  all  inflam- 
mable, and  its  own  diathermancy  appears  equal  to  that  of  the 
bisulphide.  But  in  reasonable  thicknesses  the  iodine  which  it 
can  dissolve  is  not  sufficient  to  render  the  solution  perfectly 
opaque.  The  solution  forms  a  purple  color  of  exquisite  beau- 
ty ;  and,  though  unsuited  to  strict  crucial  experiments  on  dark 
rays,  this  filter  may  be  employed  with  excellent  effect  in  class 
experiments. 

(599)  Thus  foiled  in  my  attempts  to  obtain  a  solvent 
equally  good  as,  and  less  dangerous  than,  the  bisulphide  of 
carbon,  I  sought  to  reduce  the  danger  of  employing  it  to  a 
minimum.  A  tin  camera  was  constructed,  within  which  were 
placed  both  the  lamp  and  its  converging  mirror.  Through  an 
aperture  in  front,  2f  inches  wide,  the  cone  of  reflected  rays 
issued,  forming  a  focus  outside  the  camera.     Underneath  this 
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apcrtitre  was  riveted  a  stage,  on  which  the  soliitiofi  of  iodine 
rested,  thus  closing  the  aperture  and  cutting  off  all  the  light 
At  first  nothing  intervened  ^tween  the  cell  and  the  carbon- 
points  ;  but  the  peril  of  thus  exposing  the  bisulphide  caused 
me  to  make  the  following  improvements :  A  perfectly  trans- 
parent plate  of  rodc-salt,  secured  in  a  proper  cap^  was  employed 
to  close  the  aperture ;  and  bj  it  all  direct  communication  be- 
tween the  solution  and  the  incandescent  carbcms  was  cut  o£ 
The  aperture  was  then  surrounded  by  an  annular  space,  about 
2^  inches  wide  and  a  quarter  of  an  indb  deep,  through  which 
cold  water  was  caused  to  circulate.    The  cell  containing  the 
solution  was  moreover  surrounded  by  a  Jacket,  and  the  current 
of  water,  having  completed  its  course  round  the  aperture, 
passed  round  the  celL    Thus  the  apparatus  was  kept  cold. 
The  neck  of  the  cell  was  stopped  by  a  closely-fitting  oork; 
through  this  passed  a  piece  of  glass  tubing,  which,  when  the 
cell  was  placed  upon  its  stage,  ended  at  a  considerable  height 
alx)ve  the  focus.     Experiments  on  combustion  might  therefore 
l)e  carried  on  at  the  focus  without  fear  of  igniting  the  viper 
which,  even  under  the   improved  conditions,  might  escape 
from  the  bisulphide  of  carboiL 

(600)  The  arrangement  will  be  at  once  understood  by  ^e^ 
on^nce  to  figs.  100  and  101,  which  show  the  camera,  lamp,  and 
filter,  both  from  the  side  and  frt)m  the  front.  xyiB  the  mi^ 
n-^r,  fn>m  which  the  reflected  cone  of  rays  passes,  first,  through 
the  nvk-salt  window,  and  afterward  through  the  iodine  filter 
tn  fK  The  rays  converge  to  the  focus  k^  where  they  would 
form  an  invisible  image  of  the  lower  carbon-point ;  the  image 
of  the  iipiK*r  would  be  thrown  below  k.  Both  imctgea  spring 
riritf/y  forth  irhen  a  Uaf  fjf  platinized  platinum  is  exposed  (A 
thefi>CH^.  At  «  «,  figs.  100  and  101,  is  shown,  in  section,  and 
in  plan,  the  annular  space  in  which  the  cold  water  circu- 
lates. 

(001)  With  this  arrangement,  and  a  battery  of  fifty  cell«, 
tho  following  rt^sults  were  obtaineii : 

•\  piivo  of  silver4eaf,  fiistened  to  a  wire  ring,  and  tarnished 
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b^  exposure  to  tite  fames  of  sulphide  of  ammonium,  being 
held  in  the  durV  focus,  the  film  was  raised  to  vivid  redness. 


(603)  Copper-leaf  tarnished  in  a  similar  maoner,  when 
placed  at  the  focus,  was  raised  to  redness. 

(003)  A  piece  of  platinized  platinum-foil  was  supported  in 
an  exhausted  receiver,  the  vessel  being  bo  placed  that  the 
focus  fell  upon  the  platinum.  The  heat  of  the  focus  was  in- 
stantly converted  into  light,  a  clearly-defiDed  aud  inverted  im- 
age of  the  points  being  stamped  upon  the  metaL  Fig.  102 
represents  the  thermograph  of  the  carbons. 

(604)  Blackened  paper  was  now  substituted  for  the  plati- 
num in  the  exhausted  receiver.  Placed  at  the  focus  of  invisi- 
ble  ra^s,  the  paper  was  instantly  pierced,  a  cloud  of  smoke 
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wu  poured  throngli  tbe  opening,  and  ildllilre  ft  ouoa^e  to  tin 
bottotB  of  the  reoeirer.  The  paper  Beamed  to  bom  witbort 
mcutdeacence.     Here  also  a  thormogrsph  of  the  ooal-point] 


ru.  in 

o 


was  stamped  out.  When  black  paper  is  jdaoed  at  the  toaa, 
where  the  thermal  image  is  well  defined,  it  is  always  jaenxA 
in  two  points,  answering  to  the  images  of  the  two  carboDS. 
The  superior  heat  of  the  positive  carbon  is  shown  by  the  bet 
that  its  image  first  pierces  the  paper ;  it  bums  out  a  laige 
space,  and  shows  its  peculiar  oniter-like  top,  while  the  neg*- 
tire  carbon  usually  pierces  a  small  hole. 

(COS)  Paper  reddened  by  the  iodine  of  mercuiy  had  il» 
color  discharged  at  the  places  on  which  the  invisible  image  of 
the  ooal-points  fell  upon  it,  though  not  with  the  expected 
promptneBs. 

(606)  Disks  of  paper  reduced  to  carbon  bj  different  pn^ 
crsscs  were  raised  to  brilliant  incandescence,  botii  in  the  sir 
anil  in  the  exhausted  receiver. 

(607)  In  these  earlier  experiments  an  apparatus  was  eifr 
pKmtl  wliich  had  been  constructed  lor  other  purposes.  He 
mirror,  for  example,  was  one  detached  from  a  Duboscq's  caii>- 
om ;  it  was  first  silvered  at  the  bat^  but  afterward  silvered 
in  fn^nt.  Thi'  cf\]  rmploytHt  for  the  iodine  solution  was  alio 
ilinl  whioli  usually  atHMmpanie*  Dubopc^'s  lamp,  bdng  iu- 
ti'itdi'Hl  bv  it.'<  utakor  for  a  solution  of  alum.     Its  sides  are  of 

MtA  wliilo  jrlasis  the  widih  from  side  to  side  being  1-3  inch. 
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(608)  A  point  of  considerable  theoretic  importance  was  in- 
volved in  these  experiments.  In  his  excellent  researches  on 
flnoreseencey  Professor  Stokes  had  invariably  found  the  refran- 
gibility  of  the  incident  light  to  be  lowered.  This  rule  was  so 
ooDstant  as  almost  to  ^nforce  the  conviction  that  it  was  a  law 
of  Nature.  But,  if  the  rays  which  in  the  foregoing  experi- 
nients  raised  platinum  and  gold  and  silver  to  a  red  heat  were 
Wholly  ultra-red,  the  Tendering  visible  of  the  metallic  films 
Would  be  an  instance  of  raided  refirangibility. 

And  here  I  thought  it  desirable  to  make  sure  that  no 
trace  of  visible  radiation  passed  through  the  solution,  and, 
%bo,  that  the  invisible  radiation  was  exclusively  ultra-red. 

(609)  This  latter  oonditaoa  might  seem  to  be  unnecessary, 
hecauae  the  calorific  action  of  the  ultra-violet  rays  is  so  ex- 
ceedingly feeble  (in  fact,  is  immeasurably  small)  that,  even 
cappoaing  them  to  reach  the  platinum,  their  heating-power 
would  be  an  utterly  vanishing  quantity.  StiD,  the  exclusion 
oiaU  rays  of  high  refrangibility  was  necessary  to  the  complete 
solution  of  the  problem.  Hence,  though  the  iodine  employed 
in  the  foregoing  experiments  was  sufficient  to  cut  off  the  light 
of  the  sun  at  noon,  I  wish  to  submit  its  opacity  to  a  severer 
test     The  following  experiments  were  accordingly  executed  : 

(610)  The  rays  from  the  electric  lamp  being  duly  con- 
*  veiged  by  the  mirror,  the  iodine-cell  was  placed  in  the  path 

of  die  convergent  beam,  its  light  being  thereby  to  all  appear- 
ance totally  intercepted.  With  a  piece  of  platinum-foil  the 
€dcus  was  found  and  marked,  and  a  cell  containing  a  solution 
of  alum  was  then  placed  between  the  focus  and  the  iodine-celL 
Tlie  alum  solution  diminished  materially  the  invisible  radia- 
tion, but  it  was  without  sensible  influence  upon  visible  rays. 

(611)  AH  stray  light  issuing  from  the  crevices  in  the  lamp 
being  cut  off,  and  the  daylight  also  being  excluded  from  the 
room,  the  eye  was  caused  slowly  to  approach  the  focus.  On 
reaching  it,  a  singular  appearance  presented  itself.  The  in- 
candescent coke-points  of  the  lamp  were  seen  black,  projected 
on  a  deep-red  ground.     Their  motions  could  be  followed,  and, 
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when  brought  into  oootmet,  a  white  Bp&oe  wfts  aeen  at  the  ei- 
tremities  of  the  points,  appearing  to  tepaiate  tfaeoL  Hie 
points  were  seen  erect  Bj  careful  obeervataoii,  the  whole  of 
the  points  could  be  obseired,  and  even  the  holdera  iriuoh  sup- 
ported them.  The  black  i^yearanee  cf  the  inoandeaoent  par* 
tion  of  the  points  was  here  oqIj  rdaUve;  they  appeared  daik 
because  they  interoepted  more  of  the  light  reflected  fitwi  the 
mirror  behind  than  they  could  make  good  by  their  direct  emis- 
sion. 

(612)  The  solution  of  iodine,  1*2  indi  in  thickness,  pcoring 
thus  unequal  to  the  test  applied  to  it,  I  had  two  other  ceik 
constructed — ^the  one  with  tnmsparent  rodc-ealt  aides,  the 
other  with  glass  ones.  The  width  of  the  former  was  2  inches, 
that  of  the  Utter  nearly  2^  indies,  filled  with  the  sdhition 
of  iodine,  these  cells  were  placed  in  soooessioii  in  front  of  the 
camera,  and  the  concentrated  beam  was  sent  through  than. 
Determining  the  focus  as  before,  and  afterward  introducing 
the  alum-cell,  the  eye  on  being  brought  up  to  the  focus  re- 
ceived no  impression  of  light 

(612a)  The  alum-cell  was  then  abandoned,  and  the  unde- 
fended eye  was  caused  to  approach  the  focus:  the  heat  was 
intolerable,  but  it  seemed  to  affect  the  eyelids  and  not  the  eye 
itself.  An  aperture  somewhat  larger  than  the  pupil  being 
made  in  a  metal  screen,  the  eye  was  placed  Ibehind  it,  and 
brought  slowly  and  cautiously  up  to  the  focus.  The  concen- 
trated beam  entered  the  pupil ;  but  no  impression  of  light  was 
produced,  nor  was  the  retina  sensibly  affected  by  the  heat 
The  eye  was  then  withdrawn,  and  a  plate  of  platinized  plati- 
num was  placed  in  the  position  occupied  by  the  retina  a  mo- 
ment before.  It  instantly  rose  to  vivid  redness.*  The  £ulure 
to  obtain,  with  the  most  sensitive  media,  the  slightest  evidence 
of  fluorescence  at  the  obscure  focus,  proved  the  invisible  rays 
*o  be  exclusively  ultra-red.     It  will  be  subsequently  shown 

•t  a  considerable  portion  of  these  rays  actually  reached  the 
a. 

*  I  do  not  rooommond  the  rcpotition  of  those  experimentn. 
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(613)  When  intense  effects  are  sought  after,  we  collect  as 
many  of  the  invisible  rays  as  possible,  and  concentrate  them 
on  the  smallest  possible  space.  The  nearer  the  mirror  is  to 
the  source  of  rays,  the  more  of  these  rajrs  will  it  intercept  and 
reflect,  and  the  nearer  the  focus  is  to  the  same  source,  the 
smaller  will  the  image  be.  To  secure  proximity  both  of  focus 
and  mirror,  the  latter  must  be  of  short  focal  length.  K  a  mir- 
ror of  long  focal  length  be  employed,  its  distance  from  the 
source  of  rays  must  be  considerable  to  bring  the  focus  near  the 
source,  but^  when  placed  thus  at  a  distance,  a  g^at  nmnber  of 
rays  escape  the  mirror  altogether.  I^  on  the  other  hand,  the 
mirror  be  too  deep,  spherical  aberration  comes  into  play ;  and, 
though  a  vast  quantity  of  rays  may  be  collected,  their  con- 
vergence at  the  focus  is  imperfecta  To  determine  the  best 
form  of  mirror,  three  of  them  were  constructed :  the  first  4*1 
inches  in  diameter,  and  of  1*4  inch  focal  length ;  the  second 
7*9  inches  in  diameter,  and  of  3  inches  focal  length  ;  the  third 
9  inches  in  diameter,  with  a  focal  length  of  6  inches.  Frac- 
tures caused  by  imperfect*  annealing  repeatedly  occurred ;  but 
at  length  I  was  so  fortunate  as  to  obtain  the  three  mirrors, 
each  without  a  flaw.  The  most  convenient  distance  of  the 
focus  from  the  source  was  found  to  be  about  5  inches ;  and 
the  position  of  the  mirror  ought  to  be  arranged  accordingly. 
This  distance  permits  of  the  introduction  of  an  iodine-cell  of 
sufficient  width,  while  the  heat  at  the  focus  is  exceedingly 
powerfiiL 

(614)  And  now  with  this  improved  apparatus  I  will  nm 
through  the  principal  experiments  on  invisible  heat-rays. 
These  dense  volumes  of  smoke  which  rise  from  a  blackened 
block  of  wood,  when  it  is  placed  in  the  dark  focus,  are  very 
striking:  matches  are  at  once  ignited,  and  gunpowder  in- 
stantly exploded  at  the  focus.  This  dry  paper  held  there 
bursts  into  flame.  These  chips  of  wood  are  also  inflamed : 
the  dry  wood  of  a  hat-box  is  very  suitable  for  this  experiment. 
When  a  sheet  of  brown  paper  is  placed  a  little  beyond  the 
focus,  it  is  first  brought  to  vivid  incandescence  over  a  large 

18 
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space ;  the  paper  then  jieLds,  mud  the  oombustioii  prqMgstes 
itself  as  a  burning  ring  round  the  centre  of  ignitioo.  CSuff- 
coal  is  made  an  ember  at  the  focus,  and  these  disks  of  ohtired 
paper  glow  with  extreme  Fividness.  When  blackoaed  mo- 
foil  is  placed  at  the  focus  it  bursts  into  flame ;  and,  bj  slowl? 
moving  the  foU  about,  its  ignition  maj  be  kept  up  till  tbe 
whole  of  it  is  consumed.  This  magnesium  wire,  flattened  at 
the  end  and  blackened,  also  bursts  into  vivid  combustion  irbm 
held  at  the  focus.  A  cigar  of  course  is  instantly  lighted  there. 
The  bodies  experimented  on  may  be  enclosed  in  glass  le* 
ceivers ;  the  concentrated  rays  will  still  bum  them  after  haf- 
ing  crossed  the  glass.  This  glass  jar,  for  example,  oontaiiu 
oxygen ;  and  in  the  oxygen  by  means  of  a  suitable  holder  is 
plunged  a  bit  of  charcoal  bark.  When  the  daik  rays  are  cgd- 
centrated  upon  the  chaiooal,  it  instantly  throws  out  showers 
of  scintillations. 

(615)  In  aU  these  cases  the  body  exposed  to  the  acticm  of 
the  invisible  rays  was  more  or  less  combustible.  It  was  first 
heated  and  then  exposed  to  the  atta^bk  of  oxygeiL  The  vi?idr 
uess  observed  was  in  part  due  to  combustion,  and  does  not 
furnish  a  conclusive  proof  that  the  refrangibility  of  the  inci- 
dent rays  was  elevated.  This,  however,  is  efieoted  by  expos- 
ing non-combustible  bodies  at  the  focus,  or  by  enclosing  com- 
bustible ones  in  a  space  devoid  of  oxygen.  Both  in  air  and 
in  vacuo  platinized  platinum-foil  has  been  repeatedly  raised  to 
a  white  heat.  The  same  result  has  been  obtained  with  a  sheet 
of  charcoal  or  coke  suspended  in  vacuo.  Now,  the  waves  from 
which  this  light  was  extracted  had  neither  the  visible  nor  tiie 
ultra-violet  rays  commingled  with  them ;  they  were  exclusiTe- 
ly  ultra-red.  The  action,  therefore,  of  the  atoms  of  platinum, 
copper,  silver,  and  carbon  upon  these  rays  transmutes  them 
from  heat-rays  into  light-rays.  They  impinge  upon  these 
atoms  at  a  certain  rate;  they  return  firom  them  at  a  quicker 
rate,  the  invisible  being  thus  rendered  visible. 

(616)  On  looking  at  the  white-hot  platinum  through  a 
prism  of  bisulphide  of  carbon^  a  rich  and  complete  spectrum 
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nxMS  obkiined.     All  the  color$y  from  ted  to  violet^  shone 
f)ividfy, 

(617)  To  express  this  transmutation  of  heat-rajs  into  others 
of  higher  refrangibility,  I  propose  the  tenn  ctUoreecence.  It 
harmonizes  well  with  the  term  ^  fluorescence ''  introduced  by 
Professor  Stdces,  and  is  also  suggestive  of  the  character  of 
the  effects  to  which  it  is  applied.  The  phrase  '^  transmutation 
of  rajs,^  introduced  by  Professor  Ghallis,  covers  both  classes 
of  effects.* 

(618)  I  have  sought  to  fisse  platinum  with  the  invisible 
rajs  of  the  electric  light,  but  hitherto  without  success.  In 
some  experiments  a  lar^  model  of  Foucault's  lamp  was  em- 
ployed, with  a  battery  of  100  cells.  In  other  experiments  two 
batteries  were  employed,  one  of  100  cells  and  one  of  70,  mak- 
ing use  of  two  lamps,  two  mirrors,  and  two  filters,  and  converg- 
ing the  heat  of  both  lamps  in  opposite  directions  upon  the  same 
point.  When  a  leaf  of  platinum  was  placed  at  the  common 
focus,  the  converged  beams  struck  it  at  opposite  sides,  and 
raised  it  to  dazzling  whiteness.  I  am  persuaded  that  the 
metal  could  be  fused,  if  the  platinum  black  upon  its  surface 
could  be  retained.  But  this  was  immediately  dissipated  by 
the  intense  heat,  and,  the  reflecting-power  of  the  metal  com- 
ing into  play,  the  absorption  was  so  much  lowered  that  fusion 
was  not  effected.  By  coating  the  platinum  with  lamp-black  it 
has  been  brought  to  the  verge  of  fusion,  the  incipient  yielding 
of  the  mass  being  perfectly  apparent  after  it  had  cooled. 
Here,  however,  as  in  the  case  of  platinized  platinum,  the  ab- 
sorbing substance  disappears  too  quickly.  Copper  and  alu- 
minium, however,  when  thus  treated,  are  speedily  biunt  up. 

(619)  The  isolation  of  the  luminiferous  ether  £rom  the  air 
is  strikingly  illustrated  by  these  experiments.  The  air  at  the 
focus  may  be  of  a  freezing  temperature,  while  the  ether  pos- 
sesses an  amount  of  the  heat  competent,  if  absorbed,  to  impart 
to  that  air  the  temperature  of  flame.  An  air-thermometer  is 
unaffected  where  platinum  is  raised  to  a  white  heat. 

*  Philosophical  MagasiDe,  1866.    Vol.  xxiz,  p.  886. 
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(620)  Arrangements  have  already  been  described  with  a 
view  of  avoiding  the  danger  incidental  to  the  use  of  so  inflam- 
mable a  substance  as  the  bisulphide  of  carbon.  I  have  tbought 
of  accomplishing  this  end  by  simpler  means,  and  thus  fiicilitat- 
ing  the  repetition  of  the  experiments.  The  arrangements  now 
before  you,  fig.  103,  may  be  adopted  with  safety. 

A  B  C  D  is  an  outline  of  the  camera. 

X  y  the  silvered  mirror  wiiiiin  it. 

c  the  carbon-points  of  the  electric  light. 

o  p  the  aperture  in  front  of  the  camera,  through  whidi 
issues  the  beam  reflected  by  the  mirror  x  y. 


Fio.  loa 


.(G21)  Let  the  distance  of  the  mirror  from  the  carbon-points 
be  such  as  to  render  the  reflected  beam  slightly  convergent. 
Fill  a  glass  flask  with  the  solution  of  iodine,  and  place  the  flask 
in  the  path  of  the  reflected  beam  at  a  safe  distance  from  the 
lamp.  The  flask  acts  as  a  lens  and  filter  at  the  same  time,  the 
bright  rays  are  intercepted,  and  the  dark  ones  are  powerfully 
converged.  At  F  such  a  flask  is  represented ;  and  at  the  focus 
formed  a  little  beyond  it  combustion  and  calorescence  may  be 
produced.  Flasks  with  diameters  from  1^  to  3  inches  are  well 
suited  for  the  experiments. 

(G22)  By  the  arrangement  here  described,  platinum  has 
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been  raised  to  redness  at  a  distance  of  22  feet  from  the  source 
of  the  rays. 

(623)  The  best  minor,  however,  scatters  the  rays  more  or 
less ;  and,  by  this  scattering,  the  beam  at  a  great  distance 
from  the  lamp  becomes  much  enfeebled.  The  e£Pect  is  therefore 
intensified  when  the  beam  is  caused  to  pass  through  a  tube 
polished  within,  which  prevents  the  lateral  waste  of  radiant 

Fn.  101 


A. 


heat.  Such  a  tube,  placed  in  front  of  the  camera,  is  repre- 
sented at  A  6,  ^g.  104.  The  flask  may  be  held  against  its 
end  by  the  hand,  or  it  may  be  permanently  fixed  there.  With 
a  battery  of  fifty  cells,  platinum  may  be  raised  to  a  white 
heat  at  the  focus  of  the  flask. 

(624)  Again  let  a  lens  of  glass  or  rock-salt  (L,  fig.  105), 
2*5  inches  wide,  and  having  a  focal  length  of  3  inches,  be 
placed  in  the  path  of  the  reflected  beam.  The  rays  are  con- 
verged ;  and  at  their  point  of  convergence  all  the  effects  of 
calorescence  and  combustion  may  be  obtained,  the  luminous 
rays  being  cut  ofif  by  a  cell  m  n,*  with  plane  glass  sides  and 
containing  the  opaque  solution. 

(625)  Finally,  the  arrangement  shown  in  ^g.  106  may  be 
adopted.     The  beam  reflected  by  the  mirror  within  the  camera 

*  The  oell  m  n  may  be  placed  at  a  distance  from  the  oarbon-points ;  if  a 
reflecting  tube  be  used  it  is  all  the  more  effeotiYe. 
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» 

m  aeoond  miner  as'  y'.    At  the 

p 

3tiit  of  ooDTergenoey  iHuch 

loaj  be  sevend  fleet  finom  the 

a 

unerm,  all  tlie  efccU  hhiierto  described  m 

%j  be  obtained. 

The  light  of  the  beam  may  be  cut  off  at  anj  convenient  point 
of  its  course ;  but  in  ordinaiy  cases  the  experiment  is  best 
made  by  employing  the  bichloride  instead  of  the  bisulphide  of 
carbon,  and  pU^Tig  the  cell  (m  n)  ocHitaining  the  opaque  solu- 
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tion  close  to  the  camera.  The  moment  the  coal-points  are 
ignited,  explosion,  combustion,  or  calorescence,  as  the  case 
may  be,  oociu^  at  the  focus. 
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(626)  Thus  far  I  have  dealt  exolusivelj  with  the  invisible 
radiation  of  the  elaotric  light ;  but  all  solid  bodies  raised  to 
incandescence  emit  thes^  invisible  calorific  rays.  The  denser 
the  incandescent  body,  moreover,  the  more  powerful  is  its  ob- 
scure radiation.  We  possess  at  the  Royal  Institution  very 
dense  cylinders  of  lime  for  the  production  of  the  Drummond 
Light ;  and,  when  a  copious  oxyhydrogen-flame  is  projected 
Eigaiust  one  of  them,  it  shines  with  an  intense  yellowish  light, 
i^hile  the  obscure  radiation  is  exceedingly  powerful.  Filtering 
the  latter  from  the  total  emission  by  the  solution  of  iodine,  all 
the  effects  of  combustion  and  calorescence,  which  have  been 
just  described,  may  be  obtained  at  the  focus  of  the  invisible 
rays.  The  light  obtained  by  projecting  the  oxyhydrogen- 
lame  upon  compressed  magnesia,  after  the  manner  of  Signer 
Zlarlevaris,  is  whiter  than  that  emitted  by  our  lime ;  but,  the 
mbstance  being  light  and  spongy,  its  obscure  radiation  is  sur- 
xissed  by  that  of  our  more  solid  cylinders. 

(627)  The  invisible  rays  of  the  sun  have  also  been  trans- 
nuted.  A  concave  mirror,  3  feet  *in  diameter,  was  mounted 
)n  the  roof  of  the  Royal  School  of  Mines  in  Jermyn  Street. 
Phe  focus  was  formed  in  a  darkened  chamber,  in  which  the 
)latinized  platinum-foil  was  exposed.  Cuttiii^  off  the  visible 
•ays  by  the  solution  of  iodine,  feeble  but  distinct  incandescence 
was  there  produced  by  the  invisible  rays. 

(628)  To  obtain  a  clearer  sky,  this  mirror  was  transferred 
o  the  garden  of  my  friend  Mr.  Lubbock  (now  Sir  John  Lub- 
)ock,  Bart.),  near  Chislehurst.  A  blackened  tin  tube  (A  B, 
ig.  107),  with  square  cross-section  and  open  at  one  end,  was 
umished  at  the  other  with  a  plane  mirror  {x  y),  forming  an 
mgle  of  45^  with  the  axis  of  the  tube.  A  lateral  aperture 
X  o),  about  2  inches  square,  was  cut  out  in  front  of  the  mirror. 
)ver  this  aperture  was  placed  a  leaf  of  platinized  platinum. 
Turning  the  leaf  toward  the  concave  mirror,  the  concentrated 
unbeams  were  permitted  to  fall  upon  it.  In  the  fiill  glare  of 
laylight  it  is  quite  impossible  to  see  whether  the  platinum 
ras  incandescent  or  not ;  but,  placing  the  eye  at  B,  tlie  glow 
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of  the  platinum  oould  be  seen  by  reflecticna  from  the  plain 
mirror.     Incandescence  was  thus  obtained  at  the  focus  of  the 

Ite.  lOT. 


large  mirror,  X  Y,  after  the  removal  of  the  visible  rays  by  the 
iodine  solution,  m  n.* 

(629)  The  effects  obtained  with  the  total  solar  radiation 
were  extraordinary.     Large  spaces  of  the  platinum-leaf,  and 
even  thick  foil,  when  exposed  at  the  focus,  disappeared  as  if 
vaporized.     Tlie  handle  of  a  pitchfork,  similarly  exposed,  was 
soon  burnt  quite  across.     Paper  placed  at  the  focus  burst  into 
flame  with  almost  explosive  suddenness.    The  high  ratio  which 
the  visible  radiation  of  the  sun  bears  to  the  invisible,  was 
strikingly  manifested  in  these  experiments.      With  a  ^o^ 
radiation  vastly  inferior,  the  invisible  rays  of  the  electric  light, 
or  of  the  lime-light,  raise  platinum  to  whiteness,  while,  when 
the  visible  constituents  of  the  concentrated  sunbeam  were  in- 
tercepted, the  most  that  could  be  obtained  from  the  dark  rays 
was  a  bright  red-heat.     The  heat  of  the  luminous  rays,  more- 
over, is  so  great  as  to  render  it  exceedingly  difficult  to  experi- 

♦  Exporiments  on  the  sun  had  been  previously,  bat  unanooessfully,  tir 
tomptod  by  othen. 
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ment  with  the  solution  of  iodine.  It  boiled  up  incessantly, 
exposure  for  two  or  three  seconds  being  sufficient  to  raise  it 
to  ebullition.  The  high  ratio  of  the  luminous  to  the  non-lu- 
minous radiation  is,  doubtless,  to  be  ascribed  in  part  to  the 
absorption  of  a  large  portion  of  the  latter  by  the  aqueous 
vapor  of  the  air.  From  it^  however,  may  also  be  inferred  the 
enormous  temperature  of  the  sun. 

(630)  Converging  the  sun's  rays  with  a  hollow  lens  filled 
with  the  solution  of  iodine,  incandescence  was  obtained  at 
the  invisible  focus  of  the  lens  on  the  roof  of  the  Royal  Insti- 
tution. 

(631)  Knowing  the  permeability  of  good  glass  to  the  solar 
rays,  I  requested  Mr.  Mayall  to  permit  me  to  make  a  few 
experiments,  with  his  fine  photographic  lens,  at  Brighton. 
Though  exceedingly  busy  at  the  time,  he,  in  the  kindest  man- 
ner, abandoned  to  my  late  assistant,  Mr.  Barrett,  the  use  of 
his  apparatus  for- the  three  best  hours  of  a  bright  summer's 
day.  A  red-heat  was  obtained  at  the  focus  of  the  lens  affcer 
the  complete  withdrawal  of  the  luminous  portion  of  the  radia- 
tion. 

(632)  Black  paper  has  been  very  firequently  employed  in 
the  foregoing  experiments,  the  action  of  the  invisible  rays 
upon  it  being  most  energetic.  This  suggests  that  the  absorp- 
tion of  the  dark  rays  is  not  independent  of  color.  A  red 
powder  is  red  because  of  the  entrance  and  absorption  of  the 
luminous  rays  of  higher  refrangibility  than  the  red,  and  the 
ejection  of  the  unabsorbed  red  light  by  reflection  at  the  limit- 
ing surfaces  of  the  particles  of  the  red  body.  This  feebleness 
of  absorption  of  the  red  rays  extends  in  many  cases  to  the 
obscure  rays  beyond  the  red  ;  and  the  consequence  is  that  red 
paper,  when  exposed  at  the  focus  of  invisible  rays,  is  often 
scarcely  charred,  while  black  paper  bursts  in  a  moment  into 
flame.  The  following  table  exhibits  the  condition  of  paper  of 
various  kinds  when  exposed  at  the  dark  focus  of  an  electric 
light  of  moderate  intensity : 
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Glaied  onuige^solored  paper 


u 


u 


red- 


u 


«4 


U 


«*      bhie- 
M      blmck- 
•«       wUte- 

Tliin  foreigii-posi 

Foolseap   . 


Thin  white  blottiiig-paper 
•*    whitey-bror"     " 


Or&ULry  brown 


u 


Thick  brown  ^ 

Thick  white  smnd-paper . 
Brown  emery 
Dead-black 


u 


CI 


GondMoB. 
.  Barely  charred. 
Scarcely  tinged ;  leas  than  the  onnge. 
Pierced  with  a  small  baming  ring. 
The  aame  as  the  last 
Pierced ;  and  immediately  set  ablaie. 
Charred;  not  pierced. 
.  Barely  Gfaarred;  leea  than  the  white. 
Stm  leoB  diarred ;  about  the  same  m  the 
orange. 
.  Scarcely  tinged. 
The  same;  a  good  deal  of  heat  seems  to  get 
throng  these  last  two  papers. 
.  Pieroed  immediately,  a  beantifal  buniag 
ring  expanding  on  all  sides. 
Pierced,  not  so  good  as  the  last 
.  Pierced  with  a  burning  ring. 

The  same  as  the  last 
.  Pierced,  and  imme<Uately  set  ablise. 


(633)  We  have  here  an  almost  total  abeenoe  of  absorption 
on  the  part  of  the  red  paper.  Even  white  absorbs  more,  and 
is  consequently  more  easily  charred.  Rubbing  the  red  iodide 
of  mercury  over  paper,  and  exposing  the  reddened  surfiace  &t 
the  focus,  a  thermograph  of  the  coal-points  is  obtained,  which 
shows  itself  by  the  discharge  of  the  color  at  the  place  on  which 
the  invisible  image  fiedls.  Expecting  that  this  change  of  oolor 
would  be  immediate,  I  was  at  first  surprised  at  the  time  neces- 
sary to  produce  it. 


(634)  And  here  we  find  ourselves  in  a  position  to  prop* 
orly  qualify  and  explain  a  popular  experiment  which  has  been 
fruitful  in  erroneous  inferences.  The  celebrated  Dr.  Franklin 
placed  cloths  of  various  colors  upon  snow  and  aUowed  the  sun 
to  shine  upon  them.  They  absorbed  the  solar  rays  in  difie^ 
ent  degrees,  became  differently  heated,  and  sank  therefore  to 
different  depths  in  the  snow  beneath  them.  His  conclusio& 
was  that  dark  colors  were  the  best  absorbers,  and  light  colors 
the  worst ;  and  to  this  hour  we  appear  to  have  been  content 
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to  accept  Franklin's  generalization  without  qualification.  Did 
the  emission  from  luminous  sources  consist  exclusively  of  visi- 
ble rajSy  we  might  fairlj  infer  firom  the  color  of  a  substance  its 
capacity  to  absorb  the  heat  of  such  sources.  But  we  now  know 
that  the  emission  fr(»n  luminous  sources  is  by  no  means  all 
visible.  In  terrestrial  sources  by  far  the  greater  part,  and  in 
the  case  even  of  the  sun  a  very  great  part,  of  the  emission  con- 
sists of  invisible  rays,  regarding  which  color  teaches  us  nothing. 

(635)  It  remained  therefore  to  examine  whether  the  re- 
sults of  Franklin  were  the  expression  of  a  law  of  Nature.  Two 
cards  were  taken  of  the  same  size  and  texture ;  over  one  of 
them  was  shaken  the  white  powder  of  alum,  and  over  the  other 
the  dark  powder  of  iodine.  Placed  before  a  glowing  fire  and 
permitted  to  assume  the  maximum  temperature  due  to  their 
position,  it  was  found  that  the  card  bearing  the  alum  became 
extremely  hot,  while  that  bearing  the  iodine  remained  cooL 
No  thermometer  was  necessary  to  demonstrate  this  difference. 
Placing  the  bade  of  the  iodine-card  against  the  forehead  or 
cheek,  no  inconvenience  was  experienced ;  while  the  back  of 
the  alimi-card  similarly  placed  proved  intolerably  hot. 

(636)  This  result  was  corroborated  by  the  following  experi- 
ments :  One  bulb  of  a  differential  thermometer  was  covered 
with  iodine,  and  the  other  with  alum-powder.  A  red-hot 
spatula  being  placed  midway  between  both,  the  liquid  cx>lumn 
associated  with  the  alum-covered  bulb  was  immediately  forced 
down,  and  maintained  in  an  inferior  position.  Two  delicate 
mercurial  thermometers  had  their  bulbs  coated,  the  one  with 
iodine,  the  other  with  alum.  On  exposing  them  at  the  same 
distance  to  the  radiation  firom  a  gas-flame,  the  mercury  of  the 
alumrcovered  thermometer  rose  nearly  twice  as  high  as  that 
of  its  neighbor.  Two  sheets  of  tin  were  coated,  the  one  with 
alum,  and  the  other  with  iodine-powder.  The  sheets  were 
placed  parallel  to  each  other,  and  about  10  inches  asunder ;  at 
the  back  of  each  was  soldered  a  little  bar  of  bismuth,  with 
which  the  tin  plate  to  which  it  was  attached  constituted  a 
thermo-electric  couple.     The  two  plates  were  connected  to- 
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gcthcr  by  a  wire,  and  the  free  ends  of  the  bismuth-bars  vrere 
connected  with  a  galvanometer.  Placing  a  red-hot  ball  mid* 
way  between  both,  the  calorific  rays  fell  with  the  same  inten- 
sity on  the  two  sheets  of  tin,  but  the  galvanometer  immediately 
declared  that  the  sheet  which  bore  the  alum  was  the  most 
highly  heated. 

(637)  In  some  of  the  foregoing  cases  the  iodine  was  sim- 
ply shaken  through  a  muslin  sieve ;  in  other  cases  it  was 
mixed  with'  bisulphide  of  carbon  and  applied  with  a  camelV 
hair  brush.  When  dried  afterward  it  was  almost  as  black  as 
soot;  but  as  an  absorber  of  radiant  heat  it  was  no  match  for 
the  perfectly  white  ppwder  of  alum. 

(638)  This  difficulty  of  warming  iodine  by  radiant  heat  is 
evidently  due  to  the  diathermic  property  which  it  manifests 
so  strikingly  when  dissolved  in  bisulphide  of  carbon.    The 
heat  enters  the  powder,  is  reflected  at  the  limiting  surfaces  of 
the  particles,  but  it  docs  not  lodge  itself  among  the  atoms  of 
the  iodine.     When  shaken  in  sufficient  quantity  on  a  plate  of 
rock-salt  and  placed  in  the  path  of  a  calorific  beam,  iodine  in- 
tercepts the  heat.     But  its  action  is  mainly  that  of  a  white 
powder  to  light ;  it  is  impervious,  not  through  absorption,  but 
through  rep)eated  internal  reflection.      Ordinary  roll-sulphur, 
even  in  thin  cakes,  allows  no  radiant  heat  to  pass  through  it; 
but  its  opacity  is  also  due  to  internal  reflection.     The  tem- 
perature of  ignition  of  sulphur  is  about  244°  C. ;  but  on  plac- 
ing a  small  piece  of  the  substance  at  the  obscure  focus  of  the 
elt»otric  lamp,  where  the  heat  was  sufficient  to  raise  platiuum- 
f()il  in  a  moment  to  whiteness,  it  required  exposure  for  a  con- 
siderable time  to  fuse  and  ignite  the  sulphur.     Though  impe^ 
vious  to  the  heat,  it  was  not  through  absorption*     Sugar  is  a 
much  less  inflammable  substance  than  sulphur,  but  it  is  a  far 
better  absorber;  exposed  at  the  focus,  it  is  speedily  fused  and 
burnt  up.     The  heat,  moreover,  which  is  competent  to  inflame 
powdered  sugar  is  scarcely  competent  to  warm  table-salt  of 
the  same  white  appearance. 

(639)  A  fragment  of  almost  black  amorphous  phosphorus 
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was  exposed  at  the  dark  focus  of  the  electric  lamp,  but  refused 
to  be  ignited.  A  still  more  remarkable  result  was  obtained 
with  ordinary  phosphorus  A  small  £ragment  of  this  exceed- 
inglj  inflammable  substance  could  be  exposed  for  twenty  sec- 
onds without  ignition  .at  a  focus  where  platinum  was  almost 
instantaneously  raised  to  a  white  heat.  The  fusing-point  of 
phosphorus  is  about  44°  C,  that  of  sugar  is  160° ;  still  at  the 
focus  of  the  electric  lamp  the  sugar  fuses  before  the  phospho- 
rus. All  this  is  due  to  the  diathermancy  of  the  phosphorus : 
a  thin  disk  of  the  substance  placed  between  two  plates  of 
rock-salt  permits  of  a  copious  transmission.  This  substance 
therefore  takes  its  place  with  other  elementary  bodies  as  re- 
gards deportment  toward  radiant  heat. 

(640)  The  more  diathermic  a  body  is,  the  less  it  is  warmed 
by  radiant  heat.  No  perfectly  transparent  body  could  be 
warmed  by  purely  luminous  heat.  The  surfiEtce  of  a  vessel 
covered  with  a  ihick.  fur  of  hoar-frost  was  exposed  to  the 
beam  of  the  electric  lamp  condensed  by  a  powerful  mirror,  the 
beam  having  been  previously  sent  through  a  cell  containing 
water.  The  sifted  beam  was  powerless  to  remove  the  frost, 
though  it  was  competent  to  set  wood  on  fire.  We  may 
largely  apply  this  result.  It  is  not,  for  example,  the  luminous 
rays,  but  the  dark  rays  of  the  sun  which  sweep  the  snows  of 
winter  from  the  slopes  of  the  Alps.  Every  glacier-stream 
that  rushes  through  the  Alpine  valleys  is  almost  wholly  the 
product  of  invisible  radiation.  It  is  also  the  invisible  solar 
rays  which  lift  the  glaciers  from  the  sea-level  to  the  summits 
of  the  mountains ;  for  the  luminous  rays  penetrate  the  tropical 
ocean  to  great  depths,  while  the  non-luminous  ones  are  ab- 
sorbed dose  to  the  surface,  and  become  the  main  agents  in 
evaporation. 

(641)  We  will  end  this  subject  by  fulfilling  a  promise  for- 
merly made  (§  612a).  The  method  by  which  Melloni  deter- 
mined the  ratio  of  the  visible  to  the  invisible  rays  emitted  by 
any  luminous  source  has  been  described  to  you  (§  370).  It 
was  explained  to  you,  that  assuming  a  solution  of  alum  to 
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transmit  all  the  visible  rays,  which  is  sensibly  the  case,  and  to 
absorb  all  the  invisible  rays,  the  difference  between  the  trans- 
mission through  alum  and  rock-salt  gives  the  aoticm  of  the  ob- 
scmre  rays.  But  is  this  assumption  regarding  the  absorptive 
power  of  alum  correct  ?  Is  a  solution  of  this  substance,  of  the 
thickness  at  which  it  has  hitherto  been  examined,  really  com- 
petent to  absorb  all  heat-rays  of  a  lower  refrangibility  than 
those  which  produce  light  ? 

(642)  The  solution  of  iodine,  with  which  you  are  now  so 
intimately  acquainted,  was  placed  in  front  of  an  electric  lamp, 
the  luminous  rays  being  thereby  intercepted.  Behind  the 
rock-salt  cell  containing  the  opaque  solution  was  placed  a 
glass  cell,  empty  in  the  first  instance.  The  deflection  produced 
by  the  obscure  rays  which  passed  through  both  produced  a 
deflection  of 

The  glass  cell  was  now  filled  with  a  concentrated  solution  of 
alum;  the  deflection  produced  by  the  obscure  rays  passing 
through  both  solutions  was 

50°. 

Calculating  from  the  values  of  these  deflections,  it  is  found 
that  of  the  obscure  heat  emergent  from  the  eolutiofi  of  iodine 
20  />er  cent,  was  transmitted  by  the  alum* 

(643)  The  question,  whether  the  invisible  rays  emitted  by 
luminous  sources  reach  the  retina  of  the  eye,  we  have  hitherto 
left  in  abeyance.  But  there  cannot  be  a  doubt  that  the  invisi- 
ble rays  which  have  shown  themselves  competent  to  traverse 
such  a  thickness  of  the  most  powerful  diathermic  liquid  yet 
discovered  are  also  able  to  pass  through  the  humors  of  the 
eye.     Dr.  Franz  has  indeed  proved  this  to  be  the  case  for  the 

*  In  passing  from  one  medium  to  another,  light  is  always  reflected ;  the 
Bame  is  true  of  radiant  heat.  And  in  the  case  of  our  emptj  glws  cell,  radiant 
heat  was  reflected  from  its  two  interior  surfaces  when  it  was  empty.  The  in- 
trotiuction  of  the  alum  solution,  no  doubt,  altered  the  quantity  of  heat  re- 
flected ;  for  tlic  sake  of  simplicity,  I  have  neglected  taking  thia  into  account ; 
my  doing  so  would  not  materially  aflTect  the  results  here  enunciated. 
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daik  solar  Taya.  The  rerj  careful  and  interesting  experiments 
of  M.  Janssen  *  prore,  moreover,  that  the  humors  of  the  eye 
absorb  an  amount  of  radiant  heat  exactlj  equal  to  that  ab- 
scabbed  bj  a  layer  of  water  of  the  same  thickness  as  the  hu- 
nK»s ;  and  in  our  solution  the  power  of  alum  is  added  to  that 
of  water.  Direct  experiments  on  the  yitreous  humor  of  an  ox 
lead  me  to  conclude  that  one-fifth  of  the  obscure  rays  emitted 
by  an  intense  electric  light  reaches  the  retina ;  and,  inasmuch 
as  in  every  ten  parts  of  that  radiation  nine  are  obscure,  it  fol- 
lows that  neariy  two-thirds  of  the  whole  radiant  energy,  visi- 
ble and  invisible,  which  the  electric  light  sends  to  the  retina 
is  incompetent  to  excite  vision. 

(644)  Measured  by  a  photometer  the  intensity  of  the  elec- 
tric Hffht  used  by  me  was,  in  some  cases,  1,000  times  that  of 
the  liffht  of  a  good  composite  candle,  and  as  the  non-luminous 
heai^rat/8  from  the  coal-points  which  reach  the  retina  have,  in 
round  niunbers,  twice  the  energy  of  the  luminous,  it  follows 
that  at  a  common  distance,  say  of  a  foot,  the  energy  of  the 
radiant  heat  which  reaches  the  optic  nerve,  but  is  incompetent 
to  provoke  vision,  is  2,000  times  that  of  the  liff?U  of  a  candle. 
But  on  a  tolerably  clear  night  a  candle-flame  can  be  readily 
seen  at  the  distance  of  a  mile ;  and  the  intensity  of  the  can- 
dle's light  at  the  distance  of  a  mile  is  less  than  one  twenty- 
millionth  of  its  intensity  at  the  distance  of  a  foot,  hence  the 
energy  which  renders  the  candle  perfectly  visible  a  mile  off 
would  h^e  to  be  multiplied  by  2,000  x  20,000,000,  or  by  forty 
thousand  millions,  to  bring  it  up  to  the  intensity  of  the  radia- 
tion which  the  retina  actually  receives  from  the  carbon-points 
at  a  foot  distance,  without  vision.  Nothing,  I  think,  could 
more  forcibly  illustrate  the  special  relationship  which  subsists 
between  the  optic  nerve  and  the  oscillating  periods  of  the 
molecules  of  luminous  bodies.  That  nerve,  like  a  musical 
string,  responds  to  the  periods  with  which  it  is  in  accordance, 
while  it  refuses  to  be  excited  by  others  of  almost  infinitely 
greater  energy  which  are  not  in  unison  with  its  own. 

♦  AnndUt  de  Chimie  et  de  Physigue^  tome  Ix.  p.  71. 
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y'^^A^  \V1i%»«  m»  too  a  rifid  light  incoaqgetaBt  to  iftct  ov 

•^s«i  ,*v^V\-^h*  llHHn«iwooplc  wftfrnxa^m,  the  idn  nsnnllj  pn> 
•  ..•».  :r»-;^  |K«I  ti|rf»t  widhc»tiin»tbctat»ny<fifiHcoifcAnigi 
\*»».  is-T  V  ^^'  «mH»r|rl«g  from  »  comfanurtioii  of  witor  !■! 
,,-w»  ^fc^  ^^>'«  when  rendered  mtenae  by  fonrrnlJiiiuD, 
v,^  ».^^^«*^  K^  MtplUwi,  no  aeniiUe  hestmgtMiwcf:  The 
Sv-^1  »M  tW  WNS'*i  w  »l«»^* »  «•«  "^  pcMnt.  CoaccDtnted  by  t 
.^  ,,x^^^^^  >^»  wii>«^  Ihwi  •  yard  in  diameter  apoa  tiie  &ce  of 
%  .\  v-w  -!  \N>^tinNt  M  MoWiwPe  aouteneM  to  mam  the  ale- 
••»v  ^v\v*t  ^•^  tv"  A  w<»a>unible  quantity.  Sadi  enwfiinwto| 
^,  vfc,  .v,^  Av^*«^MniH\  iK>t  that  the  two  agents  are  dianmbi^ 
..*.v*  .V  ^'^^i*  ^'4'  viwxHi  can  be  excited  bj  an  aaaaAof 

o>-^  1^  Hv'tv  aW  >ftt^  aro  aMe  to  offer  a  remaik  as  talk 
s^  .K^xi»v  ^**  »*^U*ui  h«it  to  (og^aignaUlng.  Tbe  pnp» 
i>\M^  MA  ih^  .kKxiktK'i^  i*  a  |4iilo«opbical  one;  for  were  ovfiip 
>..    «  M\%ua!  v'tVvmoier  similar  to  that  of  tbe  sxfine  beU  ia 

.^v'l  ;;i>:i  S\  I  ho  bisulphide  of  carbon,  or  to  T&at  of  iofne  or 
S<v*^n.iix*  v.i^vrss  it  would  ho  |Missil>lo  to  transnic  tiuoi^litlieni, 
li.ii  ^.»ur  sii^ual-lani|Mi,  |HMvc^ii\i)  f1n\c!«  of  rmdnnt  heat,  even 
•iUor  tho  entire  stoppa^^e  lUf  Uio  \*i^^1.  l^ut  od!  api  aze  not 
va  tUU  oharactcr.  They  are  unfv\ruiuAio)y  9v>  oanBitated  as  io 
avt  vory  destructively  upon  the  }>un»ly  oalorific  rww ;  and  tlua 
fuotf  taken  in  conjunction  with  tlio  niarvx'Hous  sensEzveneBiof 
the  eye,  leads  to  the  conclusion  tltut,  lou^^  before  i^  %/llof 
our  signals  ceases  to  be  visible,  their  nuliant  heat  1^  luet  the 
power  of  affecting,  in  any  sensible  ih^^nn*,  the  moiss  deikate 
thermoscopic  apparatus  that  we  could  a[>ply  to  their  ~ 
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CHAPTER   XIV. 

raw:— A  OLXAX  BKT  AITD  OALM  but  damp  ATMOSPmOUC  mOWgAKT  rOB  m  COPIOUS  FOB- 
MATXOX— DBWXD  BirBSTAHOBB  OOLDBB  THAN  VKDBWBD  ONBB  — DBWBD  817B8TAKCBS 
BXTTKB  BADIAT0B8  TUAM  UNDBWXD  OIOBS— DBW  IB  THB  OOMDXHBATION  OP  THB  ATM06- 
PBBBIO  TAPOBt>N  BUBSTANCBB  WHICH  HAYB  BXBN  OHILLZD  BT  BADIATION  —  LITKAB 
BADIAnOH— <X>irBTtTUTIOX  OP  THB  BUK— THB  BBIOHT  UNBB  0  THB  8PB0TBA  OP  THB 
MBIALa — AN  INCANDE8CBNT  TAPOB  AB60BBB  THB  BATB  WHICH  IT  CAN  ITBBLP  HMIT— 
K1BCHH0rP*B  GBNKRAT.TZATION— PBAITNHOPBB'B  UNBB— SOLAB  CHBMIBTBT— dCMlBBION  OP 
THB  BUN— BBBBOHBL  AND  POULLBf  B  BXPBBIMBNT8— MATXB^B  HVntOBIC  THBOBT— THB- 
OBIBB  OP  HBLMHOLTZ  AND  THOMSON— BfPBOT  OP  THB  TIDB8  ON  THB  BAXTH^S  BOTA- 
TION — ^BNXBOIBB  OP  THB  SOLAB  BT8TEM — ^HBLMHOLTZ,  THOMSON,  WATKB80N — BXLATION 
OP  THB  BUN  TO  ANDf  AI.  AND  TBGBTABLB  UPB— APPBNDIX. 

(647)  \\f  E  have  learned  that  our  atmosphere  is  always 
»  ^  more  or  less  charged  with  aqueous  vapor,  the 
condensation  of  which  forms  our  clouds,  fogs,  hail,  rain,  and 
snow.  We  have  now  to  direct  our  attention  to  one  particular 
case  of  condensation;  of  great  interest  and  beauty — one,  more- 
over, regarding  which  erroneous  notions  were  for  a  long  time 
entertained — ^the  phenomenon  of  Dew.  The  aqueous  vapor 
of  our  atmosphere  is  a  powerful  radiant,  but  it  is  diffused 
through  air  which  usually  exceeds  its  own  mass  more  than  one 
hundred  times.  Not  only,  then,  its  own  heat,  but  the  heat  of 
the  large  quantity  of  air  which  siurounds  It,  must  be  discharged 
by  the  vapor,  before  it  can  sink  to  its  point  of  condensation. 
The  retardation  of  chilling  due  to  this  cause  enables  good 
solid  radiators,  at  the  earth's  surface,  to  outstrip  the  vapor  in 
their  speed  of  refrigeration;  and  hence  upon  these  bodies 
aqueous  vapor  may  be  condensed  to  liquid,  or  even  congealed 
to  hoar-frost,  while  at  a  few  feet  above  the  surface  it  maintains 
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its  gaseous  state.    This  is  actually  the  case  in  the  bemulifiil 
phenomenon  which  we  have  now  to  examine. 

(648)  We  are  indebted  to  a  London  physician  for  a  true 
theory  of  dew.  In  1818  Dr.  Wells  published  his  a^myMNff 
essay  on  this  subjects  He  made  his  experiments  in  a  gankn 
in  Surrey,  at  a  distance  of  three  miles  from  Blackfriazs  Bri4ge. 
To  collect  the  dew,  he  used  little  bimdles  of  wool,  whidi, 
when  dry,  weighed  10  grains  each;  and,  having  exposed  them 
during  a  clear  night,  the  amount  of  dew  deposited  on  them 
was  determined  by  the  augmentation  of  their  weights  He 
soon  found  that  whatever  interfered  with  the  view  of  the  skj 
from  his  piece  of  wool,  interfered  also  with  the  deposHloD  (tf 
dew.  He  supported  a  board  on  four  props ;  Of^the  board  he 
laid  one  of  his  wool  parcels,  and  under  it  a  second  similar  one; 
during  a  dear  calm  night,  the  former  gained  14  grains  in 
weight,  while  the  latter  gained  only  4.  He  bent  a  sheet  of 
pasteboard  like  the  roof  of  a  house,  and  placed  underneath  it 
a  bundle  of  wool  on  the  grass :  by  a  single  night's  exposure 
the  wool  gained  2  grains  in  weight,  while  a  similar  piece  of 
wool  exposed  on  the  grass,  but  quite  unshaded  by  the  roof^ 
cc^ected  16  grains  of  moisture. 

(649)  Is  it  steam  from  the  earth,  or  is  it  fine  rain  from  the 
heavens,  that  produces  this  deposition  of  due  ?  Both  of  these 
notions  have  been  advocated.  That  is  does  not  arise  from  the 
earth  is,  however,  proved  by  the  fiict,  that  more  moisture  was 
collected  on  the  propped  board  than  under  it^  That  it  is  not 
a  fine  rain  is  proved  by  the  fact,  that  the  most  copious  deposir 
tion  occurs  on  the  clearest  nights. 

(650)  Dr.  Wells  next  exposed  thermometers,  as  he  had 
done  his  wool-bundlds,  and  found  that  at  those  pfaees  where 
the  dew  fell  most  copiously^  the  temperature  sank  lowest.  On 
the  propped  board  already  referred  to,  he  found  the  tempera* 
ture  9°  Fahr.  lower  than  under  it;  beneath  the  pasteboard- 
roof  the  thermometer  was  10^  warmer  than  on  the  open  grasSi 
He  also  found,  that  when  he  laid  his  thermometer  nxpom  a 

ss-plot,  on  a  clear  night,  it  sank  sometimes  14^  lower  than 
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a  siinilar  tbermometer  suspended  in  free  air,  at  a  height  of  4 
feet  above  the  grass.  A  bit  of  cotton,  placed  beside  the 
former,  gained  20  grains ;  a  similar  bit,  beside  the  latter,  only 
11  grains  in  weight.  ITie  lowering  of  the  temperature  and 
the  depoaitian  of  the  dew  went  hand  in  hand  Not  only  did 
artificial  screens  interfere  with  the  lowering  of  the  temperature 
and  the  formation  of  the  dew,  but  a  cloud-screen  acted  in  the 
same  manner.  He  once  observed  hb  thermometer,  which,  as 
it  lay  upon  the  grass,  showed  a  temperature  12^  Fahr.  lower 
than  the  air  a  few  feet  above  the  grass,  rise,  on  the  passage 
of  some  clouds,  until  it  was  only  2^  colder  than  the  air.  In 
&ct,  as  the  clouds  crossed  his  zenith,  or  disappeared  from  it, 
the  temperature  of  his  thermometer  rose  and  fell. 

(651)  A  series  of  such  experiments,  conceived  and  exe- 
cuted with  admirable  clearness  and  skill,  enabled  Dr.  Wells  to 
propound  a  Theory  of  Dew,  which  has  stood  the  test  of  all 
subsequent  criticism,  and  is  now  universally  accepted. 

(652)  It  is  an  effect  of  chilling  by  radiation.  ^'  The  upper 
parts  of  the  grass  radiate  their  heat  into  regions  of  empty 
space,  which,  consequently,  send  no  heat  back  in  return ;  its 
lower  parts,  from  the  smallness  of  their  conducting  power, 
transmit  little  of  the  earth's  heat  to  the  upper  parts,  which, 
at  the  same  time,  receiving  only  a  small  quantity  from  the  air 
mosphere,  and  none  from  any  other  lateral  body,  must  remain 
colder  than  the  air,  and  condense  into  dew  its  watery  vapor, 
if  this  be  sufficiently  abundant  in  respect  to  the  decreased 
temperature  of  the  grass."  Why  the  vapor  itself,  being  a 
powerful  radiant,  is  not  so  quickly  chilled  as  the  grass,  has 
been  already  explained,  on  the  ground  that  the  vapor  has  not 
only  its  own  heat  to  discharge,  but  also  that  of  the  large  mass 
of  air  by  which  it  is  surrounded. 

(653)  Dew,  then,  is  the  resiilt  of  the  condensation  of  at- 
mospheric vapor,  on  substances  which  have  been  sufficiently 
cooled  by  radiation ;  and,  as  bodies  differ  widely  in  their  radi- 
ative powers,  we  may  expect  corresponding  differences  in  the 
deposition  of  dew.     This  Wells  proved  to  be  the  case.     He 
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often  saw  dew  copiouslj  deposited  on  grass  and  painted  wood| 
when  none  could  be  observed  on  gravel-walks  adjacent    He 
found  plates  of  metal,  which  he  had  exposed,  quite  dry,  while 
adjacent  bodies  were  covered  with  dew :  in  aU  such  ccues  the 
temperature  of  the  metal  woe  found  to  be  higher  than  that  of 
the  dewed  mbetances.    This  is  quite  in  accordance  with  our 
knowledge  that  metals  are  the  worst  radiators.     On  one  oc- 
casion he  placed  a  plate  of  metal  upon  grass,  and  upon  the 
plate  he  laid  a  glass  thermometer ;  the  thermometer,  after 
some  time,  exhibited  dew,  while  the  plate   remained  dry. 
This  led  him  to  suppose  that  the  instrument,  though  lying  on 
the  plate,  did  not  share  its  temperature.     He  placed  a  second 
thermometer,  with  a  gilt  bulby  beside  the  first ;  the  naked 
glass  thermometer — a  good  radiator — ^remained  9**  Fahr.  colder 
than  its  companion.     To  determine  the  true  temperature  of  a 
body  is  a  task  of  some  difficulty :  a  glass  thermometer,  sus- 
pended in  the  air,  will  not  give  the  temperature  of  the  air ;  ite 
own  power  as  a  radiant  or  an  absorbent  comes  into  play.    On 
a  clear  day,  when  the  sun  shines,  the  thermometer  will  be 
warmer  than  the  air ;  on  a  dear  night,  on  the  contrary,  the 
thermometer  will  be  colder  than  the  air.     We  have  seen  that 
the  passage  of  a  cloud  can  raise  the  temperature  of  a  the^ 
mometer  10°  in  a  few  minutes.    This  augmentation,  it  is  mani- 
fest, does  not  indicate  a  corresponding  augmentation  of  the  tem- 
perature of  the  air,  but  merely  the  interception  and  reflection, 
by  the  cloud,  of  the  rays  of  heat  emitted  by  the  thermometer. 
(654)  Dr.  Wells  applied  his  principles  to  the  explanation 
of  many  curious  effects,  and  to  the  correction  of  many  popu- 
lar errors.     Moon-blindness  he  refers  to  the  chill  produced  by 
radiation  from  the  eyes,  the  shining  of  the  moon  being  merely 
an  accompaniment  to  the  clearness  of  the  atmosphere.     The 
putrefying  influence  ascribed  to  the  moonbeams  is  really  due 
to  the  deposition  of  moisture,  as  a  kind  of  dew,  on  the  ex- 
posed animal  substances.     The  nipping  of  tender  plants  by 
frost,  when  the  air  of  the  garden  is  some  degrees  above  the 
freezing  temperature,  is  also  to  be  referred  to  chilling  by  ra- 
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diation.     A  cobweb  screen  would  be  sufficient  to  preserve 
them  from  injury.* 

(655)  Wells  was  the  first  to  explain  the  formation,  artifi- 
dally,  of  ice  in  Bengal,  where  the  substance  is  never  formed 
naturally.  Shallow  pits  are  dug,  which  are  partially  filled 
with  straw,  and  on  the  straw  flat  pans  containing  water  are 
exposed  to  the  dear  firmament.  The  water  is  a  powerful  ra- 
diant, and  sends  off  its  heat  copiously  into  space.  The  heat 
thus  lost  cannot  be  supplied  from  the  earth — this  source  being 
cut  off  by  the  non-conducting  straw.  Before  simrise  a  cake 
of  ice  is  formed  in  each  vesseL  This  is  the  explanation  of 
Wells,  and  it  is,  no  doubt,  the  true  one.  I  think,  however,  it 
needs  supplementing.  It  appears,  from  the  description,  that 
the  condition  most  suitable  for  the  formation  of  ice  is  not  only 
a  clear  air,  but  a  dry  air.  The  nights,  says  Sir  Robert  Barker, 
most  favorable  for  the  production  of  ice,  are  those  which  are 
clearest  and  most  serene,  and  in  which  very  little  dew  appears 
after  midnight.  The  italicised  phrase  is  very  significant  To 
produce  the  ice  in  abundance,  the  atmosphere  must  not  only 
be  clear,  but  it  must  be  comparatively  free  from  aqueous  va- 
por. When  the  straw  on  which  the  pans  were  laid  became 
wet,  it  was  always  changed  for  dry  straw ;  and  the  reason 
Wells  assigoed  for  this  was,  that  the  straw,  by  being  wetted, 
was  rendered  more  compact  and  effident  as  a  conductor.  This 
may  have  been  the  case,  but  it  is  also  certain  that  the  vapor 
rising  from  the  wet  straw,  and  overspreading  the  pans  like  a 
screen,  would  check  the  chill,  and  retard  the  congelation. 

(656)  With  broken  health  Wells  pursued  and  completed 

*  With  reference  to  this  point  we  have  the  following  beantifol  passage  in 
the  Essay  of  Welhi :  "  I  had  often,  in  the  pride  of  half-knowledge,  smiled  at 
the  means  frequently  employed  by  gardeners  to  protect  tender  plants  fh>m 
cold,  as  it  appeared  to  me  impossible  that  a  thin  mat,  or  any  such  flimsy  sub- 
stance, could  prevent  them  from  attaining  the  temperature  of  the  atmosphere, 
by  which  alone  I  thought  them  liable  to  be  injured.  But,  when  I  hftd  learned 
that  bodies  on  the  surface  of  the  earth  become,  during  a  still  and  serene 
night,  colder  than  the  atmosphere,  by  radiating  their  heat  to  the  heavens,  I 
perceived  immediately  a  just  reason  for  the  practice  which  I  had  before 
deemed  useless.'* 
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this  beautiful  investigatioD ;  and,  on  the  brink  of  the  gnve^ 
he  composed  his  Essay.  It  is  a  inodel/Of  wise  inquiij  and  of 
lucid  exposition.  He  made  no  haste,  but  he  took  no  rest  till 
he  had  mastered  his  subject,  loddng  steadfastlj  into  It  until 
it  became  transparent  to  his  gaae.  Thus  he  solved  his  prob 
lem,  and  stated  its  solution  in  a  £Mhioii  which  venders  his 
work  imperishable.* 

(657)  Since  his  time  various  experimenters  have  occiqued 
themselves  with  the  question  of  nocturnal  ladiatiop;  biit| 
though  valuable  facts  have  been  accumulated,  if  we  except  a 
supplement  contributed  by  Melloni,  nothing  of  importance  hss 
been  added  to  the  thecny  of  Wells.  Mr.  Glaisher,  li.  Haitini^ 
and  others,  have  illustrated  the  subject.  The  following  table 
contains  some  results  obtained  by  Mr.  Olaiahv,  by  expomg 
thermometers  at  different  heights  above  the  surfiMe  of  a  glass 
field.  The  chilling  observed  when  the  thermometer  was  ex- 
posed on  long  grass  is  represented  by  the  number  1000,  while 
the  succeeding  numbers  represent  the  relative  chilling  of  the 
thermometers  placed  in  the  positions  indicated : 


1000 
671 
870 
477 


JRadialion. 

Long  jntiSfl    . 

• 

•          •          • 

One  inch  aboTe  the  points 

of  the  gnai . 

Two  inches 

t< 

u 

• 

Three  inches 

it 

u 

• 

Six  inches 

It 

It 

• 

One  foot 

it 

M 

• 

Two  feet 

it 

tc 

Four  feet 

it 

<t 

• 

Six  feet 

it 

It 

• 

1S9 
86 
69 
62 

(658)  It  may  be  asked  why  the  thermometer,  which  is  s 
good  radiator,  is  not,  when  suspended  in  free  air,  just  as  much 
chilled  as  at  the  earth^s  surface.  Wells  has  answered  this  ques- 
tion.   It  is  because  the  thermometer,  when  diilled,  cools  the  air 

in  immediate  contact  with  it ;  this  air  contracts,  becomes  heavy, 

. 

*  The  tract  of  Wells  is  preoeded  by  a  personal  memoirwritten  byhimasIL 
It  has  the  solidity  of  an  ossi^  of  Montaigne. 
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and  desoends,  thus  allowing  its  place  to  be  taken  by  wanner  air. 
In  this  way  the  free  thermometer  is  prevented  from  fidling  very 
low  beneath  the  temperature  of  the  air.  Hence,  also,  the  neces- 
sity of  a  still  night  for  the  copious  formation  of  dew ;  for,  when 
the  wind  blows,  fresh  air  continually  circulates  amid  the  blades 
of  grass,  and  prevents  any  considerable  chilling  by  radiation. 

(659)  When  a  radiator  is  exposed  to  a  dear  sky  it  tends 
to  keep  a  certain  thermometric  distance,  if  the  term  may  be 
used,  between  its  temperature  and  that  of  the  surrounding 
air.  This  distance  will  depend  upon  the  energy  of  the  ra- 
diator, but  it  is  to  a  great  extent  independent  of  the  tempera- 
ture of  the  air.  Thus,  M.  Pouillet  has  proved  that,  in  the 
month  of  April,  when  the  temperature  of  the  air  was  3*6^  C, 
swans'-down  fell  by  radiation  to  — 3*5^ ;  the  whole  chilling, 
therefore,  was  7*1^«  In  the  month  of  June,  when  the  tem- 
perature of  th^air  was  17*75°  C,  the  temperature  of  the  ra- 
diating swansMown  was  10*54*^ ;  the  chilling  of  the  swans^- 
down,  by  radiation,  is  here  7*21°,  almost  precisely  the  same  as 
that  which  occurred  in  April.  Thus,  while  the  general  tem- 
perature varies  within  wide  limits,  the  difference  of  tempera- 
ture between  the  radiating  body  and  the  surrounding  air  re- 
mains sensibly  constant. 

(660)  These  facts  enabled  Melloni  to  make  an  important 
addition  to  the  theory  of  dew.  He  found  that  a  glass  ther- 
mometer, placed  on  the  ground,  is  never  chilled  more  thaA  2^  C, 
or  3*6^  F.,  below  an  adjacent  thermometer,  with  silvered  bulby 
which  hardly  radiates  at  all.  These  2^  C,  or  thereabouts, 
mark  the  thermometric  distance  above  referred  to,  which  the 
glass  tends  to  preserve  between  it  and  the  surrounding  air. 
But  Six,  Wilson,  Wells,  Parry,  Scoresby,  Glaisher,  and  others, 
have  found  differences  of  mpre  than  10**  C,  or  18**  F.,  between 
a  thermometer  on  grass  and  a  second  thermometer  himg  a  few 
feet  above  the  grass.  How  is  this  to  be  accounted  for  ?  Very 
simply,  according  to  Melloni,  thus:  The  grass-blades  first 
chill  themselves  by  radiation  2°  C.  below  the  surrounding  air ; 
the  air  is  then  chilled  by  contact  with  the  grass,  and  forms 
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around  it  a  cold  atrial  bath*  But  the  tendency  of  the  grass 
is  to  keep  the  above  constant  difference  between  its  own  tem- 
perature and  that  of  the  surrounding  medium.  It  therefore 
sinks  lower.  The  air  sinks  in  its  turn,  being  still  farther 
chilled  by  contact  with  the  grass ;  the  grass,  however,  seeb 
to  re^tablish  the  former  difference ;  it  is  again  followed  by 
the  air,  and  thus,  by  a  series  of  actions  and  reactions,  the  eor 
tire  stratum  of  air  in  contact  with  the  grass  becomes  lowered 
to  a  temperature  far  below  that  which  corresponds  to  the 
actual  radiative  energy  of  the  grass. 

(661)  So  much  for  terrestrial  radiation ;  that  of  the  mooo 
will  not  occupy  us  so  long.    Many  futile  attempts  have  been 
made  to  detect  the  warmth  of  the  moon's  beams.     No  doubt, 
every  luminous  ray  is  also  a  heat-ray;  but  the  light-giying 
power  is  not  even  an  approximate  measure  of  the  calorific 
energy  of  a  beam.     With  a  large  polyzonal  less,  Melloni  coo- 
verged  an  image  of  the  moon  upon  his  pile ;  but  he  found  the 
cold  of  his  lens  far  more  than  sufficient  to  mask  the  heat,  if 
such  there  were,  of  the  moon.     He  then  screened  off  his  lens 
from  the  heavens,  placed  his  pile  in  the  focus  of  the  lens, 
waited  imtil  the  needle  came  to  zero,  and  then,  suddenly  re- 
moving his  screen,  allowed  the  concentrated  light  to  strike  his 
pile.     The  slight  air-draughts  in  the  place  of  experiment  were 
sufficient  to  disguise  the  effect.     He  then  stopped  the  tube  in 
front  of  his  pile  with  glass  screens,  through  which  the  light 
went  freely  to  the  blackened  face  of  the  pile,  where  it  was 
converted  into  heat.     TTiis  heat  cotUd  not  get  hack  through 
the  glass  screerij  and  thus  Melloni,  following  the  example  of 
Saussure,  accumulated  his  effects,  and  obtained  a  galvanomet- 
ric  deflection  of  3°  or  4°.     The  deflection  indicated  warmtL 

(662)  By  far  the  greater  part  of  the  heat  emitted  by  the 
full  moon  must  consist  of  obscure  rays,  and  these  are  almost 
wholly  absorbed  by  our  atmospheric  vapor.  Even  such  ob- 
scure rays  as  might  happen  to  reach  the  earth  would  be  utte^ 
ly  cut  off  by  such  a  lens  as  Melloni  made  use  ot  It  might  be 
worth  while  to  make  the  experiment  with  a  metallic  reflector, 
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instead  of  wkh  a  lens.  I  have  myself  tried  a  conical  reflector 
of  very  large  dimensions,  but  have  hitherto  been  defeated  bj 
the  unsteadiness  of  London  air. 

(663)  We  have  now  to  turn  our  thoughts  to  the  source 
from  which  terrestrial  and  lunar  heat  is  almost  wholly  derived. 
This  source  is  the  sun ;  for,  if  the  earth  has  ever  been  a  mol- 
ten sphere,  which  is  now  cooling,  the  quantity  of  heat  which 
reaches  its  surface  from  within  has  long  ceased  to  be  sensible. 
First,  then,  let  us  inquire  what  is  the  constitution  of  this  won- 
drous body,  to  which  we  owe  both  light  and  life. 

(664)  Let  us  approach  the  subject  gradually,  and  prepare 
our  minds,  by  previous  discipline,  for  the  treatment  of  so 
g^nd  a  problem.  You  already  know  how  the  spectrum  of 
the  electric  light  is  formed.  Such  a  spectrum  is  now  upon  the 
screen,  two  feet  wide  and  eight  long,  with  all  its  magnificent 
gradations  of  color,  one  passing  into  the  other,  without  solu- 
tion of  continuity.  The  light  from  which  this  spectrum  is  de- 
rived, is  emitted  from  the  solid  incandescent  carbon-points 
within  our  electric  lamp.  All  other  white-hot  soUds  give  a 
similar  spectrum.  When  I  raise  this  platinum  wire  to  white- 
ness by  an  electric  current,  and  examine  its  light  by  a  prism, 
I  find  the  same  gradation  of  colors,  and  no  gap  whatever  be- 
tween one  color  and  the  other.  But  by  intense  heat — by  the 
heat  of  the  electric  lamp,  for  example — ^I  can  volatilize  the 
metal,  and  throw  upon  the  screen,  not  the  spectrum  of  the  in- 
candescent solid,  but  of  its  incaiideacent  vapor.  The  spectrum 
is  now  changed ;  instead  of  being  a  continuous  gradation'  of 
colors,  it  consists  of  a  series  of  brilliant  lines,  separated  from 
each  other  by  spaces  of  darkness. 

(665)  The  pieces  of  carbon  are  now  arranged  in  the  follow- 
ing manner :  the  lower  one  is  a  cylinder,  about  half  an  inch 
in  diameter,  in  the  top  of  which  is  scooped  a  small  hollow ; 
into  this  hollow  is  put  this  piece  of  zinc,  and  the  upper  carbon- 
point  is  then  brought  down  upon  it.  The  current  passes,  and, 
when  the  points  are  drawn  apart,  the  image  of  the  arc  that 
unites  them  is  projected  on  the  screen  as  a  stream  of  purple 

19 
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light,  eighteen  inches  long.  That  colored  stream  is  sino-va* 
por ;  it  contains  the  atoms  of  the  ano  discharged  across  from 
carbon  to  carbon.  These  atoms  are  now  oscillating  in  certain 
definite  periods,  and  the  color  which  we  perceive  is  the  com- 
posite impression  of  these  oscillations. 

(665a)  Resolving,  by  a  prism,  the  light  of  the  arc  into  its 
component  colors,  we  have  no  longer  a  continuous  speotrmn, 
but  these  splendid  bands  of  red  and  blue  light. 

(G66)  I  interrupt  the  current,  remove  the  zinc,  and  put  in 
its  place  a  bit  of  copper.  On  forming  the  arc  we  obtain  this 
stream  of  green  light,  which  we  can  analyase  as  we  did  the 
purple  light  of  the  zinc.  In  the  spectrum  of  the  copper  jou 
have  these  bands  of  brilliant  green,  which  were  absent  in  the 
case  of  zinc.  We  may  therefore  infer,  with  certainty,  that 
the  atoms  of  copper,  in  the  voltaic  arc,  vibrate  in  periods  dif- 
ferent from  those  of  zinc.  Let  us  now  inquire  whether  these 
difiPerent  periods  create  any  confusion,  when  we  operate  upon 
a  substance  composed  of  zinc  and  copper — ^the  familiar  sub- 
stance brass.  Its  spectrum  is  now  before  you,  and,  if  you 
have  retained  the  impression  made  by  our  last  two  experi- 
ments, you  will  recognize  here  a  spectrum,  formed  by  the 
superposition  of  the  two  separate  spectra  of  zinc  and  copper. 
The  alloy  emits,  without  confusion,  the  rays  peculiar  to  both 
the  metals  of  which  it  is  composed. 

(667)  Every  metal  emits  its  own  system  of  bands,  which 
are  as  characteristic  of  it  as  those  other  physical  and  chemical 
qualities  which  give  it  its  individuality.  By  a  method  of  ex- 
periment sufficiently  refined,  we  can  measure,  .accurately,  the 
position  of  the  bright  lines  of  every  known  metaL  Acquainted 
with  such  lines,  we  should,  by  the  mere  inspection  of  the  spec- 
trum of  any  single  metal,  be  able  at  once  to  declare  its  name. 
And  not  only  so,  but,  in  the  case  of  a  mixed  spectrum,  we 
should  be  able  to  declare  the  constituents  of  the  mixture  firom 
which  it  emanated.  Frora  the  exhibition  of  unknown  lines, 
the  existence  of  new  metals  has  been  inferred.  Bunsen  and 
Kirchhoff,  for  example,  thus  discovered  Ccesium  and  Rubidi* 


I 
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um ;  and  Mr.  Crooks,  by  the  same  method,  discovered  Thalli- 
am,  which  gives  us  this  single  line  of  brilliant  g^reen. 

(668)  This  law  is  true,  not  only  of  the  metals  themselves, 
but  also  of  their  compounds,  if  they  be  volatile.  I  place  a  bit 
of  sodium  on  the  lower  cylinder,  and  cause  the  voltaic  dis- 
charge to  pass  from  it  to  the  upper  coal-point ;  the  spectrum 
of  the  sodium  gives  us  this  single  band  of  brilliant  yellow. 
With  greater  delicacy  of  experiment,  that  band  is  divided  into 
two,  with  a  narrow  dark  interval  between  them :  a  still  greater 
amount  of  precision  would  further  subdivide  the  yellow  space. 
Let  us  now  remove  the  sodium  from  the  lamp  and  put  in  its 
place  a  little  common  salt,  or  chloride  of  sodium.  At  this 
high  temperature  the  salt  is  volatile,  and  produces  the  exact 
yellow  band  yielded  by  the  metal.  Thus,  also,  from  the  chlo- 
ride of  strontium,  we  obtain  the  bands  of  the  metal  stron- 
tium ;  and,  by  means  of  the  chlorides  of  calcium,  magnesium, 
and  lithium,  are  produced  the  spectra  of  these  respective 
metals. 

(669)  Finally,  this  carbon  cylinder  is  perforated  with  holes, 
into  which  is  crammed  a  mixture  of  all  the  compoimds  just 
mentioned.  Surely,  nothing  more  magnificent  can  be  im- 
agined than  the  spectrum  of  the  mixtiu-e  now  upon  the  screen. 
Each  substance  gives  out  its  own  peculiar  rays,  which  cut 
transversely  the  whole  eight  feet  of  the  spectrum  into  parallel 
bars  of  richly-colored  light.  Having  previously  made  your- 
selves acquainted  with  the  lines  emitted  by  all  the  metals, 
you  would  be  able  to  unravel  this  spectrum,  and  to  state  the 
'metals  concerned  in  its  production. 

(670)  The  voltaic  are  is  here  employed  simply  because  its 
light  is  so  intense  as  to  be  visible  to  a  large  audience  like  the 
present ;  *  but  the  same  experiments  might  be  made  with  a 
common  blow-pipe  fiame.  The  introduction  of  sodium,  or 
chloride  of  sodium,  turns  the  flame  yellow ;  strontium  turns  it 
red ;  copper,  green,  etc.     The  flames  thus  colored,  when  ex- 

♦  Tho  splcmlid  blue  band  of  Lithium  was  discovered  by  means  of  the  elec- 
tric lamp  in  tho  theatre  of  tho  Royal  IiLstitution. 
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aauned  bj  a  prism,  ahow  the  exact  bends  which  have  be«n 
AspUjed  before  jou. 

(071)  We  have  here,  then,  the  radiation  oi  definite  groups 
of  rsTs  bj  incandescent  vapon.  Let  us  now  toni  our  atten* 
abm>rpii€n  d  definite  groapB  d  rays  bj  gaaeoos 
A  fiunoos  experiment  of  Sir  Davkl  Kewster's, 
a  fonn  snited  to  tiie  lectore-rooin,  will  illnstrate 
f  seiectioo :  Into  diis  cylinder,  the  ends  €i£  which 
stopped  bj  plates  of  ghas,  is  mtrodnoed  a  quantity  of 
BBO^  tie  ptcsenLc  of  vluch  is  now  indicated  1^  its 
BKft  bcom  oAoK.  IVojecting  a  brilliant  spectrum  on  the 
Sk-VKfu  ani  pfta^nx  ^he  cylinder,  eootaining  the  brown  gaa,  in 
tfe  Mft  v?t  die  bean  as  it  isRHS  from  the  lamp,  you  see  the 

lam  MHPvwoac  ^  ikne  bsmJs  aie  interoepted  by  the  nitric 
rttN  wniuf  is  pinnn&»  dse  mserrening  bands  of  light  to  pass 

•m    Wf  3C.V  ^.vaIe  ro  cae  creat  princq>le  on  which  these 

put?mraitfttift  iepemL  ia.«i  woicfi  ve  have  already,  in  part,  illus- 

cno^i     "Pui^  primnpte«  ar5t  aozioaiKeii  by  IVoCessor  Kirchhoff, 

tf^  due  -J  yr«L  jr  vrMpor^  -Mf^yHkt  iAom  p^wtm  myt  which  it  can 

ifg^fi/auL     AftjoB  which  swing  at  s  eeCiain  rate  intercept 

vxKWtf  wofcA  swinz  at  the  same  rmte.    The  atoms  which  vibrate 

Kii  li^c  win  stop  red  light ;   the  atoms  that  vibrate  yellow 

ygiJl  step  yellow ;  those  that  vibrate  gieen  wiU  stop  green,  and 

so  of  the  rest     Absorption,  you  already  know,  is  a  transfei^ 

of  motion  from  the  ether  to  the  molecules  immersed  in  it, 

the  absfirption  of  any  atom  is  exerted  chiefly  upon  those 

ives  wliich  arrive  in  periods  coinciding  with  its  own  rate  of 

oscillation. 

(C73)  I>H  us  endeavor  to  prove  thb  experimentaUy.    We 

alr(*;u]y  know  that  a  sodium-flame,  when  analysed,  gives  a 

brilliant  band  of  yellow.     This  flat  vessel  contains  a  mixture 

"  '■^cohol  and  water ;  when  the  mixture  is  warmed  we  can 

ts  vapor :  it  then  gives  a  flame  so  feebly  luminous  as  to 

Bely  visible.     Lot  us  mix  salt  with  the  liquid,  and  again 
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Ignite  it :  the  flame,  which  a  moment  ago  was  scaroelj  to  be 
seen,  is  now  a  brilliant  yellow.  Projecting  a  continuous  spec- 
trum upon  the  screen,  in  the  track  of  the  beam,  as  it  issues 
from  the  electric  lamp,  I  place  the  yellow  sodiiun-flame.  Ob- 
serve the  spectrum  narrowly :  you  see  in  the  yellow  a  flicker- 
ing gray  band,  very  faint,  but  sufficient  to  show  that  the  flame 
hsLSy  at  least  in  part,  intercepted  the  yellow  of  the  spectrum :  it 
has  partially  absorbed  the  precise  light  which  it  can  itself  emit. 
(674)  But  the  effect  can  be  made  much  plainer.  Abandon- 
ing the  salt-flame,  I  place  the  intensely  hot  flame  of  a  Bunsen's 
burner  in  front  of  the  lamp,  so  that  the  beam,  whose  decom- 
position is  to  form  our  spectrum,  shall  pass  through  the  flame. 
In  this  little  spoon  of  platintun  wire  is  placed  a  bit  of  the  metal 
sodium,  about  the  size  of  a  pea.  The  sodium,  when  ignited, 
emits  a  powerful  light,  and  it  is  necessary  to  cut  off  that  light 
firom  the  screen  on  which  the  spectrum  is  to  falL  F^rst  form- 
ing the  spectrum,  I  introduce  the  platinum-net  containing  the 
sodium  into  the  flame  through  which  the  beam  from  the  lamp 
passes.  The  sodium  instantly  colors  the  flame  intensely  yel- 
low, and  you  already  see  a  shadow  coming  over  the  yellow  of 
the  spectrum.  But  the  effect  is  not  yet  at  its  maximum. 
After  a  little  time  the  sodium  bursts  into  intense  combustion, 
and  at  the  same  moment  you  see  the  yellow  dug  utterly  out 
of  the  spectrum,  a  bar  of  intense  darkness  taking  its  place. 
This  violent  combustion  will  endure  for  a  few  seconds.  On 
withdrawing  the  flame,  the  yellow  reappears  upon  the  screen  ; 
on  reintroducing  it,  the  yellow  band  is  again  cut  out.  This 
may  be  done  ten  times  in  succession,  and  in  the  whole  range 
of  optics  there  is  scarcely  a  more  striking  experiment.  We 
have  thus  conclusively  proved  that  the  light  which  the  sodium- 
flame  absorbs  is  the  light  which  it  can  emit.* 

*  Before  tiying  the  combuBtion  of  the  metal,  I  had  tried  the  salt-lfame  in  a 
trough  ten  feet  long :  the  effect,  however,  is  far  loss  fine  than  that  attainable 
bj  the  combustioh  of  the  metal.  The  experiment  was  first  made  during  mj 
preparations  for  a  lecture  on  the  ^*  Physical  Basis  of  Solar  Chemistry,"  given 
in  June,  1861. 
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(676)  I^iMbestinnioieiHeoiaemcNireqMriBieDtB.  The 
yeDow  of  tbe  wpodnaa  wptemdB  over  a  oatem  inAerval^  and 
we  haTO  now  to  examine  whether  H  is  not  the  pi^ffiVr  por- 
tkm  of  the  jellow  emitted  by  the  sodium,  that  is  abeoffbed  by 
ita  flame.  I^aoeabttlefaibieoDtheendaof  theooal-pouits; 
you  now  see  tbe  oooturooua  qpectram,  with  the  yellow  band 
of  the  aodium  brighter  than  the  lest  of  the  yeDow.  When  the 
•odium-flame  is  phused  In  front,  that  particular  band,  whidi 
now  stands  out  from  the  qiectrum,  ia  out  away. 

(676)  Yon  have  already  seen  a  qwotnmi,  derived  from  a 
mixture  of  Taiious  substances,  and  composed  of  a  suocessioD 
of  sharply-defined  and  brilliant  bars,  separated  from  each  other 
by  intervals  oi  darkness,  Oould  the  temperature  of  the  mix- 
ture which  produced  that  striped  spectrum  be  so  exalted  bjr 
a  flame  as  to  render  its  irapors  incande8cent,.on  placing  tli^ 
flame  and  Tspors  in  the  path  of  a  beam  producing  a  contino- 
ous  spectrum,  we  should  cut  out  of  the  latter  tbe  precise  rajs 
emitted  by  the  components  of  the  mixture.  We  should  thus, 
instead  of  furrowing  the  spectrum  by  a  single  dark  band,  as  Id 
the  case  of  sodium,  farrow  it  by  a  series  of  dark  bands,  equal 
in  number  to  the  bright  bands,  produced  by  the  mixture  itself 
when  the  source  of  light. 

(677)  We  now  possess  knowledge  sufficient  to  raise  us  to 
the  level  of  one  of  the  most  remazkaUe  generalisations  of  our 
age.  When  the  light  of  the  sun  is  properiy  decomposed,  the 
spectrum  is  seen  furrowed  by  innumerable  dark  lines.  A  few 
of  these  were  observed  for  the  first  time  by  Dr.  WoUsston; 
but  they  were  investigated  with  profound  skill  by  Fraunhofer, 
and  called,  after  him,  Fraunhofer's  lines.  It  has  long  been 
supposed  that  these  dark  bands  were  due  to  the  absorption 
of  the  rays  which  correspond  to  them,  by  the  atmosphere  of 
the  sun ;  but  nobody  knew  how.  Having  once  proved  that 
an  incandeseent  vapor  absorbs  the  precise  rays  which  it  can 
itself  emit,  and  knowing  that  the  body  of  the  sun  is  surround- 
"^  by  an  incandescent  photosphere,  the  supposition  at  once 

thee  on  the  mind,  that  this  photosphere  may  cut  off  those 
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rajB  of  the  central  incandescent  orb,  which  the  photosphere 
itself  can  emit.  We  are  thus  led  to  a  theory  of  the  constitu- 
tion of  the  sun,  whicdi  renders  a  complete  account  of  the  lines 
of  Fraunhofer. 

(678)  The  sun,  according  to  Kirchhoff,  consists  of  a  central 
orb,  molten  or  solid,  of  exceeding  brightness,  which  emits  all 
kinds  of  rays,  and  would  therefore  give  a  continuous  spectrum. 
The  radiation  from  the  nucleus,  however,  has  to  pass  through 
the  photosphere,  which  wraps  the  sun  like  a  flame,  and  this 
vaporous  envelop  cuts  ofi"  those  particular  rays  of  the  nucleus 
which  it  can  itself  emit — ^the  lines  of  Fraunhofer  marking  the 
position  of  the  fi^iling  rays.  Cbuld  we  abolish  the  central  orb, 
and  obtain  the  spectrum  of  the  gaseous  envelop,  we  should 
obtain  a  striped  spectrum,  each  bright  band  of  which  would 
coincide  with  one  of  Fraunhofer's  dark  lines.  These  lines, 
therefore,  are  spaces  of  rekUive^  not  of  absolute  darkness; 
upon  them  the  rays  of  the  absorbent  photosphere  fall ;  but 
these,  not  being  sufficiently  intense  to  make  good  the  light 
intercepted,  the  spaces  which  they  illuminate  are  dark,  in 
comparison  to  the  general  brilliancy  of  the  spectrum. 

(679)  It  has  long  been  supposed  that  sun  and  planets  have 
had  a  common  origin,  and  that  hence  the  same  substances  are 
more  or  less  common  to  them  alL  Can  we  detect  the  presence 
of  any  of  our  terrestrial  substances  in  the  sun  ?  We  have 
learned  that  the  bright  bands  of  a  metal  are  characteristic  of 
the  metal ;  that  we  can,  without  seeing  the  metal,  declare  its 
name  from  the  inspection  of  its  bands.  The  bands  are,  so  to 
speak,  the  voice  of  the  metal  declaring  its  presence.  Hence, 
if  aiiy  of  our  terrestrial  metals  be  contained  in  the  sun's  at- 
mosphere, the  dark  lines  which  they  produce  ought  to  coincide 
exactly  with  the  bright  lines  emitted  by  the  vapor  of  the  met- 
al itself.  About  sixty  bright  lines  have  been  determined  as 
belonging  to  the  single  metal  iron.  When  the  light  from  the 
incandescent  vapor  of  iron,  obtained  by  passing  electric  sparks 
between  two  iron  wires,  is  allowed  to  pass  through  one  half 
of  a  fine  slit,  and  the  light  of  the  sun  through  the  other  half, 
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Tra  i-m  r«:ch  «4:urces  of  light  may  be  placed  side  by 

-uir.    "5~:r3  -j-*  a  d-JOr-,  it  IS  found  that  for  every  bright  line 

.   L.-  J*  '1  Tv:»Hrr-=.  livrv  i^  a  diirk  line  of  the  solar  spectrum. 

I^- .:..-';.  "1    uT^  .*:L:-^:ioD,  this  means  that  the  chances  are 

r-r-  zi^  •_••..>:•;.•»:  JA'0,000,000  to  1,  that  iron  is  in  the 

si^2a.iK:ix«t?<:  :c  ^iie  r^iz.     Comparing  the  spectra  of  other  met- 

ik*  A  "Tie  sioie  TTar.r»:r,  Picfessor  Kirchhoffy  to  whose  genius 

^w?  nv^  "Zis  iciifccifi  r^oeralization,  finds  iron,  calcium,  mag- 

>^']ixu  j^  Ilium.  *!ir  ai.::r^  and  other  metals,  in  the  solar  at- 

-  «Qiitr«*- .  ni".  u  j-z^  be  has  been  unable  to  detect  gold, 

-al-  -   Bt-r  'zrj.  ■ -:"  "•■■,—■  tin,  lead,  arsenic,  or  antimony. 

■•'^«  'V-  aji  jti.-ji:?,  in  a  way  more  precise  than  that 
i..:ir-^  *ainM  y^L  zhtf  sc-Lir  coast itution  here  supposed.  In 
::»-  :.— .:m'  iimc  j?  r^^i^i  a  ovlinder  of  carbon  about  half  an 
n^  '1  ".lis  4  -  t:i£  .-.c-i:  iS:  -:  :ie  upper  edge  a  ring  of  sodium, 
-a.^  .'-'j-n.  T^T-ii-i:  *c  '.'2^:  :7^=-.:er  boine-  left  clear.  I  brin^ 
ii  xz  ->'  ;r«Trr  *-a-- •i"-:  -P  =  iho  miMdIc  of  the  cylinder, 
-.:  .>  ^.-'aj:c  -^  .ri:Ti7- t:=--v:ric  light.  Its  proximity  to 
-:■  -  . :  ::r  :*  s:.^^ " -=  •-'  ^v-^^-i^^  the  latter,  and  thus  the 
r  V  T^.  ?un  -tf  ?;^""-'  -"  •'^i  ^i^h  an  atmosphere  of  sodium- 
-w-  .-  4^  J.  r;^  i'-^  -*  >:^"7^^unJod  by  its  photosphere.  You 
T^-    z:s^    -:e  j^l-*'^  ^*=*-i  ^5  al>sont   in  the  spectrum  of  this 


:ir'r.. 


•>:  TV  :--ur.:::.v  of  hodt  omittiHl  by  the  sun  has  been 
m-^a^J^>i  :/  >t'  ^•'''-  Hor>v'hel  at  tlio  Cape  of  Good  Hope, 
aM  -*  X.  r.-c:  >:  :•-'  PAri?,  The  a^eement  between  the 
wrTte^ri-TTvcts^  =*  T^"'y  7\-r.-\rkable.  Sir  John  Herschol  finds  the 
tf^<  ^.^*uv  c'5a-:  o:  a  ver;ioal  sun,  at  the  sea-level,  to  bo 
jvaQK«;.'«TC  r/  t::^*.:  •>  *  To-^  •'*"  an  inch  of  ice  per  minute ;  while, 
«vci»v  V  M.  IVui'.'.ot,  the  quantity  is  0*00703  of  an  inch. 
T^  ,1^  oi  ; :.e  .:o:or!V.::i:itions  cannot  be  far  from  the  truth ; 
4tf  ^^^  OA  T'^>  ^'•"  '^'^  "^^'^^  ^^^  ^^^^  r^^  minute,  or  nearly  half 

•  U  i».»  '-■*■'■  ■'  '^  i^r^  ■'■"'■'■'■•'  "^f  Vla<*"»>?  «  bit  of  sodium,  like  tlie  bit  of 
Mpi  A'c-t-vc-  jure*!?  K:\rriti  to,  on  the  t<^p  of  the  lower  oyliiuier  of  the 
'  — ■  •4a«U\  thi'  ilark  band  bcinj?  produced.     The  fonn  de- 

U«  ihf  cxpi'riment,  simply  to  render  its  unalo^ry  with 
M|thcn*  more  apparent. 
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an  inoh  per  hour.  Before  you  {&g.  108)  I  have  placed  an  in- 
strument, similar  in  form  to  that  used  by  M.  Pouillet,  and 
called  bj  him  a  pyrhdiometer.  The 
particular  instrument  which  you  now 
see  is  composed  of  a  shallow  cylinder 
of  steel  a  a^  filled  with  mercury.  In- 
to the  cylinder  is  introduced  the  ther- 
mometer,  d^  the  stem  of  which  is  pro- 
tected by  a  piece  of  brass  tubing. 
The  fiat  end  of  the  cylinder  is  to  be 
turned  toward  the  sun,  and  the  sur- 
face thus  presented  is  coated  with 
lamp-black.  By  means  of  a  collar 
and  screw,  c  c,  the  instrument  may 
be  attached  to  a  stake  driven  into  the 
ground,  or  into  the  snow,  if  the  ob- 
servations are  made  at  considerable 
heights.  It  is  necessary  that  the 
surface  which  receives  the  sun's  rays 
should  be  perpendicular  to  them,  and 
this  is  secured  by  attaching,  to  the 
brass  tube  which  shields  the  stem  of 
the  thermometer,  a  disk,  e  €,  of  pre- 
cisely the  same  diameter  as  the  steel 
cylinder.  When  the  shadow  of  the  cylinder  accurately  covers 
the  disk,  we  are  sure  that  rays  fall,  as  perpendiculars,  on  the 
upturned  surface  of  the  cylinder. 

(682)  The  observations  are  made  in  the  following  manner : 
First,  the  instrument  is  permitted,  not  to  receive  the  sun's 
rays,  but  to  radiate  its  own  heat  for  five  minutes  against  an 
unclouded  part  of  the  firmament,  the  decrease  of  the  tempera- 
ture of  the  mercury  consequent  on  this  radiation  being  noted. 
Next,  the  instrument  is  turned  toward  the  sun,  so  that  the 
solar  rays  fall  perpendicularly  upon  it  for  five  minutes — the 
augmentation  of  temperature  is  noted.  Finally,  the  instru- 
ment is  turned  again  toward  the  firmament,  away  from  the 
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less,  this  absorption  would  be  ohieflj  exerted  upon  the  longer 
undulations  emitted  by  the  sun ;  the  aqueous  vapor  of  our  air, 
not  the  air  itself  being  the  principal  agent.  Taking  into  ao 
count  the  whole  terrestrial  hemisphere  turned  toward  the  sun, 
the  amount  intercepted  by  the  atmospheric  envelop  is  four- 
tenths  of  the  entire  radiation.  Thus,  were  the  atmosphere  re- 
moved, the  illuminated  hemisphere  of  the  earth  would  receive 
nearly  twice  the  amount  of  heat  £rom  the  sun  that  now  reaches 
it.  The  total  amount  of  solar  heat  received  by  the  earth  in  a 
year,  if  distributed  uniformly  over  the  earth's  surface,  would 
be  sufficient  to  liquefy  a  layer  of  ice  100  feet  thick,  and  covei^ 
ing  the  whole  earth.  It  would  also  heat  an  ocean  of  fresh 
water  66  miles  deep,  from  the  temperature  of  melting  ice  to 
the  temperature  of  ebullition. 

(685)  Knowing  thus  the  annual  receipt  of  the  earth,  we 
can  calculate  the  entire  quantity  of  heat  emitted  by  the  sun  in 
a  year.  Conceive  a  hollow  sphere  to  siuround  the  sun,  its 
centre  being  the  sun's  centre,  and  its  siuface  at  the  distance 
of  the  earth  from  the  sun.  The  section  of  the  earth  cut  by 
this  surface  is,  to  the  whole  area  of  the  hollow  sphere,  as 
1 :  2,300,000,000 ;  hence,  the  quantity  of  solar  heat  intercepted 
by  the  earth  is  only  ggoooSoooo  ^^ *^®  toisA  radiation. 

(686)  The  heat  emitted  by  the  sun,  if  used  to  melt  a  stra- 
tum of  ice  applied  to  the  sun's  surface,  would  liquefy  the  ice 
at  the  rate  of  2,400  feet  an  hour.  It  woiild  boil,  per  hour, 
700,000  millions  of  cubic  miles  of  ice-cold  water.  Expressed 
in  another  form,  the  heat  given  out  by  the  sun,  per  hour,  is 
equal  to  that  which  would  be  generated  by  the  combustion  of 
a  layer  of  solid  coal,  ten  feet  thick,  entirely  surrounding  the 
sun  ;  hence,  the  heat  emitted  in  a  year  is  equal  to  that  which 
would  be  produced  by  the  combustion  of  a  layer  of  coal  seven- 
teen miles  in  thickness. 

(687)  This,  then,  is  the  sun's  ex}>enditure  which  has  been 
going  on  for  ages,  without  our  being  able,  in  historic  times, 
to  detect  the  loss.  When  the  tolling  of  a  bell  is  heard  at  a 
distance,  the  sonorous  vibrations  arc  quickly  wasted,  and  re- 
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of  ibis  wheel  against  something  in  surrounding  space  produces 
the  light  and  heat.  But  what  forms  the  brake,  and  by  what 
agency  is  it  held,  while  it  rubs  against  the  sun  ?  Granting, 
moreover,  the  existence  of  the  brake,  we  calculate  the  total 
amount  of  heat  which  the  sun  could  generate  by  such  friction* 
We  know  his  mass,  we  know  his  time  of  rotation ;  we  know 
the  mechanical  equivalent  of  heat ;  and,  from  these  data,  we 
can  deduce,  with  certainty,  that  the  force  of  rotation,  if  en- 
tirely converted  into  heat,  would  cover  less  than  two  centuries 
of  emission.*  There  is  nothing  hypothetical  in  this  calciila- 
tion. 

(689)  I  have  already  alluded  to  another  theory,  which, 
however  bold  it  may  at  first  sight  appear,  deserves  our  serious 
attention — ^the  Meteoric  Theory  of  the  Sun.  Kepler's  cele- 
brated  statement,  that ''  there  are  more  comets  in  the  heavens 
than  fish  in  the  ocean,"  implies  that  a  small  portion  only  of 
the  total  number  of  comets  belonging  to  our  system  are  seen 
from  the  earth.  But,  besides  comets,  and  planets,  and  moons, 
a  numerous  class  of  bodies  belong  to  our  system  which,  from 
their  smallness,  might  be  regarded  as  cosmical  atoms.  Like 
the  planets  and  the  comets,  these  smaller  asteroids  obey  the 
law  of  gravity,  and  revolve  in  elliptic  orbits  round  the  sun. 
It  is  they  which,  when  they  come  within  the  earth's  atmos- 
phere, and  are  fired  by  friction,  appear  to  us  as  meteors  and 
falling  stars. 

(690)  On  a  bright  night,  twenty  minutes  rarely  pass  at 
any  part  of  the  earth's  surface  without  the  appearance  of  at 
least  one  meteor.  Twice  a  year  (on  the  12th  of  August  and 
14th  of  November)  they  Appear  in  enormous  numbers.  Dur- 
ing nine  hours  in  Boston,  when  they  were  described  as  falling 
as  thick  as  snow-flakes,  240,000  meteors  were  observed.  The 
number  falling  in  a  year  might,  perhaps,  be  estimated  at  hun- 
dreds or  thousands  of  millions,  and  even  these  would  consti- 
tute but  a  small  portion  of  the  total  crowd  of  asteroids  that 
circulate;  round  the  sun.     From  the  phenomena  of  light  and 

♦  Mayer,  Dynamik  des  Hiramols,  p.  10. 
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beat,  mad  brdveet  iilinilkiui  on  EodDe^s  eomet^  we  lean 
thai  tke  — iferac  is  filed  lij  m  iriiifing  medium^  thnrngh  the 
inetkm  d  wUob  aD  tie  wiiwri  of  our  ajeleai  are  drawn 
gradoaflr  towud  the  son.  And  though  tibe  larger  planeto 
skew,  m  bittofic  twee,  BO  dioHBiitioo  of  tlieir  periods  of  re?o- 
hnaoM,  it  mar  be  otberwiae  witb  the  smaller  bodiea.  In  the 
tiMe  leqMired  far  the  aeaa  distance  of  the  earth  to  alter  a 
um^  JTud,  a  sanD  aitctoid  maj  have  approached  thousands 
of  ■rilf  Bearer  to  the  son. 

(€91)  FoflowiBf  op  tbese  relectiona,  we  shoold  be  led  to 
tbe  oookIusmi  that,  while  ao  immeasDraUe  stream  of  pooder- 
able  BBcteotic  matter  mores  unceasingiy  toward  the  sun,  it 
mast  an^gment  in  densitT  as  it  approaches  its  centre  of  oon- 
Tergence.  And  here  the  coo jectore  natniall j  rises,  whether 
that  Tast  neboloos  ansa,  the  ?Sndiainal  Light,  whidi  embraoeB 
the  smu  mar  not  be  a  crowd  oi  meteors.  It  is  at  least  proTed 
that  this  luminous  pbenomenoo  arises  from  matttf  whidi  cir- 
culates in  obedience  to  planetair  laws ;  hence  the  entire  mass 
of  the  Axliacal  light  must  be  constantly  approaching  and  in-  * 
ce&santlT  raining  its  substance  down  upon  the  suil 

(6£^'2 )  It  b  easj  to  calculate  both  the  nummum  and  the 
minimum  relocitj,  imparted  bj  the  sun's  attraction  to  an  as- 
ton>iJ  circulating  round  him.  The  maximum  is  generated 
when  the  UxIt  approaches  the  sun  from  an  infinite  distance; 
the  <tktire  puU  of  the  sun  being  then  exerted  upon  it^  The 
miiiiaium  is  that  velocitj  whidi  would  barely  enable  the  body 
to  rovolve  rvuind  the  sun  close  to  his  surfiice.  The  final  ve- 
kv*itT  of  the  former,  just  before  striking  the  sun,  would  be  390 
miK^:!^  a  seoooii,  that  of  the  laner  37^  nules  a  second.  The  as- 
ten>i«l.  on  striking  the  sun,  with  the  former  velocity,  would 
devolv^p  oK^re  than  9,000  times  the  heat  generated  by  the  com- 
bustion of  an  equal  asteroid  of  solid  coal ;  while  the  shocl^  in 
the  latter  case,  would  generate  heat  equal  to  that  of  the  com- 
bustion of  upwanl  of  4«000  such  asteroids.  It  matters  not, 
the^^fore,  whether  the  substanres  falling  into  the  sun  be  com- 
"^  or  not ;  their  being  combustible  would  not  add  sen- 
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Biblj  to  the  tremendous  heat  produced  by  their  mechanical 
collision. 

(693)  Heiei  then,  we  have  an  agency  competent  to  restore 
his  lost  energy  to  the  sun,  and  to  maintain  a  temperature  at 
his  surface  which  transcends  all  terrestrial  combustion.  In 
the  fall  of  asteroids  we  find  the  means  of  producing  the  solar 
light  and  heat.  It  may  be  contended  that  this  showering 
down  of  matter  necessitates  the  growth  of  the  sun ;  it  does 
so;  but  the  quantity  necessaiy  to  maintain  the  observed 
calorific  emission  for  4,000  years  would  defeat  the  scrutiny  of 
our  best  instruments.  If  the  earth  struck  the  sun,  it  would 
utterly  vanish  firom  perception ;  but  the  heat  developed  by  its 
shock  would  cover  the  expenditure  of  a  century. 

(694)  To  the  earth  itself  we  might  apply  considerations 
similar  to  those  which  we  have  applied  to  the  sun.  From  the 
present  form  of  the  earth,  we  infer  that  it  was  once  in  a  fluid 
condition.  The  combination  of  the  theory  of  gravitation  and 
the  mechanical  theory  of  heat  suggests  to  us  the  possible 
origin  of  the  earth's  former  fluidity.  It  enables  us  to  regard 
the  molten  condition  of  a  planet  as  resulting  from  the  me- 
chanical shock  of  cosmical  masses,  and  it  thus  reduces  to  the 
same  cause  the  internal  heat  of  the  earth  and  the  radiant  heat 
of  the  sun. 

(695)  Without  doubt,  the  whole  surface  of  the  sun  dis- 
plays an  unbroken  ocean  of  molten  matter.  On  this  ocean 
rests  an  atmosphere  of  glowing  gas — a  flame  atmosphere,  or 
photosphere.  But  gaseous  substances  emit,  even  when  their 
temperature  is  very  high,  only  a  feeble  light.  Hence,  it  is 
probable  that  the  dazzling  white  light  of  the  sun  conies  to  us, 
through  the  atmosphere,  firom  the  denser  matter  undemeatli.* 

(696)  There  is  one  other  consideration  connected  with  the 
permanence  of  our  present  terrestrial  conditions,  which  is  well 
worthy  of  our  attention.     Standing  upon  one  of  the  London 

*  I  am  quoting  here  from  Majer,  but  this  ia  the  exact  view  now  enter- 
tained by  Kirchhoff.  We  see  the  solid  or  molten  mass  of  the  sun  through 
hia  photosphere. 


44S  HEAT  AS  A  MODE  OF  MOTION. 

bridges,  we  observe  the  current  of  the  Thames  reversed,  and 
the  water  poured  upward  twice  a  day.  The  water  thus  moved 
rubs  against  the  river's  bed  and  sides,  and  heat  is  the  conse- 
quence of  this  friction.  The  beat  thus  generated  is,  in  pare, 
radiated  into  space,  and  there  lost,  as  iax  as  the  earth  is  con- 
cerned. What  is  it  that  supplies  this  incessant  loss  ?  Hie 
earth's  rotation.  IjCt  us  look  a  little  more  closelj  into  this 
matter.  Imagine  the  moon  fixed,  and  the  earth  turning  like  a 
wheel  from  west  to  east  in  its  diurnal  rotation.  A  mountain 
on  the  earth's  surface,  on  approaching  the  moon's  meridian,  is, 
as  it  were,  laid  hold  of  by  the  moon ;  it  forms  a  kind  of  handle, 
by  which  the  earth  is  pulled  more  quickly  round.  But,  when 
the  meridian  is  passed,  the  pull  of  the  moon  on  the  mountain 
will  be  in  the  opposite  direction ;  it  now  tends  to  diminish  the 
velocity  of  rotation  as  much  as  it  previously  augmented  it; 
and  thus  the  action  of  all  fixed  bodies  on  the  earth^s  surface  is 
neutralized. 

(697)  But  suppose  the  mountain  to  lie  always  to  the  east 
of  the  moon's  meridian,  the  pull  would  then  be  always  exerted 
agiiinst  the  earth's  rotation,  the  velocity  of  which  would  be 
diminished  in  a  degree  corresponding  to  the  strength  of  the 
pull.     Tlie  tidal  wave  occupies  this  ^position — it  lies  always  to 
the  east  of  the  mooo's  meridian;  the  waters  of  the  ocean  are, 
in  part,  dragged  as  a  brake  along  the  surface  of  the  earth? 
and  as  a  brake  they  must  diminish  the  velocity  of  the  earth's 
rotation.     The  diminution,  though  inevitable,  is,  however,  too 
small  to  make  itself  felt  within  the  period  over  which  observa- 
tions on  the  subject  extend.     Supposing,  then,  that  we  turn  a 
mill  by  the  action  of  the  tide,  and  produce  heat  by  the  friction 
of  the  millstones ;  that  heat  has  an  origin  totally  different 
from  the  heat  produced  by  another  pair  of  millstones,  which 
are  turned  by  a  mountain-stream.     The  former  is  produced  at 
the  expense  of  the  earth's  rotation  ;  the  latter  at  the  expense 
of  the  sun's  heat,  which  lifted  the  mill-stream  to  its  source.* 
(G98)  Such  is  an  outline  of  the  Meteoric  Theory  of  the 

*  Dynamik  deA  Ilimmcls,  p.  88,  etc. 
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Sun,  as  extracted  from  Mayer's  ^'  Essay  on  Celestial  Dynam* 
ics."  I  have  held  closely  to  his  statements,  and  in  most  cases 
simply  translated  his  words.  But  the  sketch  conveys  no  ade- 
quate idea  of  the  firmness  and  consistency  with  which  he  has 
applied  his  principles.  He  deals  with  true  causes ;  and  the 
only  question  that  can  affect  his  theory  refers  to  the  quantity 
of  action  ascribed  by  him  to  these  causes.  I  do  not  pledge 
myself  to  this  theory,  nor  do  I  ask  you  to  accept  it  as  demon- 
strated ;  still,  it  would  be  a  great  mistake  to  regard  it  as  chi- 
merical It  is  a  noble  speculation ;  and,  depend  upon  it,  the 
true  theory,  if  this,  or  some  form  6f  it,  be  not  the  true  one, 
will  not  appear  less  wild  or  less  astoimding.* 

(699)  Mayer  published  his  Essay  in  1848 ;  five  years  after- 
ward, Mr.  Waterston  sketched,  independently,  a  similar  the- 
ory at  the  Hull  Meeting  of  the  British  Association.  The 
Transactions  of  the  Royal  Society  of  Edinburgh  for  1854  con- 
tain an  extremely  beautiful  memoir,  by  Professor  Sir  William 
Thomson,  in  which  Mr.  Waterston's  sketch  is  fully  developed. 
He  considers  that  the  meteors,  which  are  to  furnish  stores  of 
energy  for  our  future  sunlight,  lie  principally  within  the 
earth's  orbit,  and  that  we  see  them  there,  as  the  Zodiacal 
Light,  "  an  illuminated  shower,  or  rather  tornado,  of  stones." 

(700)  Sir  William  Thomson  adduces  the  following  forcible 
considerations  to  show  the  inadequacy  of  chemical  corabina- 

*  While  preparing  these  sheets  finally  for  press,  I  had  occasion  once  more 
to  look  into  the  writings  of  Mayer,  and  the  effect  was  a  revival  of  the  interest 
with  which  I  first  read  them.  Dr.  Mayer  was  a  practising  pliysician  in  the 
little  German  town  of  Ileilbronn,  and  in  1840  he  made  the  observation  that 
the  venous  blood  of  a  feverish  patient  in  the  tropics  was  redder  than  in  more 
northern  latitudes.  Starting  from  this  fact  while  engaged  in  the  duties  of  a 
laborious  profession,  and  apparently  without  a  single  kindred  spirit  to  support 
and  animate  him,  he  raised  his  mind  to  the  level  Indicated  by  the  references 
made  to  his  works,  throughout  this  book.  In  1842  he  published  his  first 
memoir  "  On  the  Forces  of  Inorganic  Nature  ; "  in  1845,  his  **  Organic  Motion  ^ 
was  published  ;  in  1848,  his  *^  Celestial  Dynamics'*  appeared  ;  and  in  1851  he 
published  his  "  Kemarks  ou  the  Mechanical  Equivalent  of  Heat.*'  After  this 
his  overtasked  brain  gave  way,  and  a  cloud  settled  on  the  intellect  which  had 
accomplished  so  much.  The  shade,  however,  was  but  temporary,  and  Dr. 
Mayer  is  now  restored. 
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vubU  be  required  to  preduoe  the 

2,781  dMrad 

§38)  or  3«8e9^ 

to  7/MK>  hotre"  power,  as  the 

eC  flBBi)|[T  DOS  erer^  wniire  noi 

lim  0-42  of  a  pound 

r^  vould  be  ifw|uiied  to 

Now,  if  en  the  fires  of  the 

m  18U)  woe  beeped  up 

■e  or  tvo  aqosre  jsrdiof 

of  e^iobe  eMraoMl  bad  ei  ei  j  sqotie 

snppljof  air  oome 
?  Yet  ndi  is  tbe  coDdiiioB 
mat  leLyiwe  t^  i^  lo  be  ia^  aeeowiiiy  to  tbe  hypotheaa 
3»:v  -zxaxT  A:e2!aSfnsa.m.  ...  If  tbe  prodixts  of  comboBtiQQ 
v>;re  ride:<a&.  :^fT  v*.-w[ii«  zz.  zisictr.  check  tbe  necessaij  sup- 
TCfcfT^  cc  cvsSL  lir  :  if  ^htey  v«re  sc^id  sod  liqiiid  (as  thej  might 
:«  r  i^  f;^-!  vere  mr^^a'ivv.  tber  wooU  interline  with  the 
siT-cij  ,c  fy^ifc-att  fxei  *»:««•.  In  eitbs,  or  in  both  wajSy 
Ske  fr^  w:cji  Hf  eb?k-^  sad  I  ibink  it  msj  be  salelj  sffinned 
^!^s  ZfZ  joc^  »^  cccji  kcvp  sEcbt  icr  axve  tbsn  a  few  minntes, 
':  X  siTT  cvAwcribvf  ais?cssk«i  of  air  and  fneL  If  the  son  be 
s  rc-^iisr  ^a^w  h  kocs  Kf  cxee  aailoeoos  to  burning  gnh 
|V'  V  jer  irA*  ?^:  a  inr  bc»5f  iz:  air ;  and  it  is  q;uite  ooooeiTable 
ihftS  s  jcoi  issssw  o-ciAJT-Tx  visHia  itself  aC  tbe  elements  le- 
-  ^rvd  i^.Y  ci:crS3i«»?c  rcvTiied  tbe  pffodoctf  of  combostioo 
are  i^rsaocctlr  cai«^:c2!w  o:<3i  born  off  at  its  surfiue  sH 
r\xr>i,  &:>i  acnaZT  esiis  beat  as  copjoaslj  as  tbe  sun.  Thm, 
AH  ecxracBS  c^.^^  oc  |nBD<«xtc«  tugbt,  if  at  first  coM,  snd 
oc-.x'  s«^:  cc  rr?  rx2»i  its  ssr&ce*  grt  to  s  permanent  rste  of 
!^nrrirj>^  hi  w^.*£2  ihj  izt^irksl  psn  wvuid  become  bested  suf 
6cmii2t  to  i^te,  cclj  vben  nesrir  spproscbed  br  tbe  bun- 
in^  surfftce.  It  is  bixr^ilT  prcbsble  indeed  that  socli  a  bodf 
migbt  for  s  time  be  as  laqee  as  tbe  son  sod  gire  out  lununoiB 
't  as  ci^ouslj,  to  be  m^j  rsdisted  into  ^moe^  witboiA 
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snfferiiig  more  absorption  from  its  atmosphere  of  transparent 
gaseous  products  than  the  light  of  the  sun  actually  does  expe- 
rience from  the  dense  atmosphere  through  which  it  passes.  Let 
us  therefore  consider  at  what  rate  such  a  body,  giving  out  heat 
so  copiously,  would  bum  away ;  the  heat  of  combustion  could 
probably  not  be  so  much  as  4,000  thermal  units  per  pound  of 
matter  burned,  the  greatest  thermal  equivalent  of  chemical  ac- 
tion yet  ascertained  falling  considerably  short  of  this.  But 
2,781  thermal  units  (as  found  above)  are  emitted  per  second 
from  each  square  foot  of  the  sun ;  hence  there  would  be  a  loss 
of  about  0*7  of  a  pound  of  matter  per  square  foot  per  second. 
•  •  •  or  a  layer  half  a  foot  thick  in  a  minute,  or  55  miles  thick 
in  a  year.  At  the  same  rate  continued,  a  mass  as  large  as  the 
sun  is  at  present  would  bum  away  in  8,000  years.  If  the  sun 
has  been  burning  at  that  rate  in  past  time  he  must  have  been 
of  double  diameter,  of  quadruple  heating-power,  and  of  eightr 
fold  mass  only  8,000  years  aga  We  may  therefore  quite 
safely  conclude  that  the  sun  does  not  get  its  heat  by  chemical 
action  ....  and  we  must  therefore  look  to  the  meteoric  theory 
for  fiieL" 

(701)  The  eminent  physicist  I  have  just  quoted  subsequent- 
ly modified  his  view  of  the  origin  and  maintenance  of  solar 
heat.  He  showed  in  1854  that  the  conclusion  of  physical  is 
against  the  idea  of  the  meteoric  matter  being  extra-planetary. 
He  inferred  that,  if  this  were  the  case,  the  year  would  be  so 
shortened  by  the  augmentation  of  the  sun^s  mass  that,  in  reck- 
oning back  2,000  of  our  present  years,  we  should  find  ourselves 
one-eighth  of  a  year  in  error.  Hence  he  concluded  that  the 
meteors  which  supply  the  sun  with  heat  had  existed  long  pre- 
viously within  the  earth's  orbit. 

But  the  researches  of  Le  Verrier  on  the  motion  of  the  planet 
Mercury,  though  they  indicate  the  existence  of  such  circulating 
matter  round  the  sun,  show  it  to  be  small  in  quantity.  Hence 
Sir  William  Thomson,  in  1862,  arrived  at  the  conclusion  that, 
if  any  appreciable  portions  of  the  sun's  heat  be  due  to  the 
present  raining  down  of  meteoric  matter,  the  matter  must  cir- 
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oulatc  round  the  sun  dose  to  his  surface.  But  if  such  matter 
existed,  it  is  difficult  to  imagine  how  bodies  so  attenuated  aa 
comets  could  escape  from  the  sun  without  anj  sensible  loss  of 
energy  after  having  passed  at  a  distance  from  his  sarfiBU>e  lesB 
than  one-eighth  of  his  radius.  Sir  WiUiam  Hiomson  therefoie 
concludes  that,  though  the  sun  was  formed  hy  the  collision  of 
small  masses,  this  collision  being  demonstrably  able  to  supply 
us  with  twenty  million  years  of  solar  heat  at  the  present  rate 
of  emission,  the  sun^s  expenditure,  though  thus  originated^  ia 
not  maintained  by  the  mechanical  collision  of  gravitatiiig 
masses,  t^e  low  rate  of  cooling  and  the  consequent  constancy 
of  the  emission  being  due  in  great  part  to  the  high  specific 
heat  of  the  matter  of  the  sun. 

(702)  From  the  first  memoir  of  Sir  William  Thomson  I  ex- 
tract the  following  interesting  data,  showing  the  amount  of 
heat  equivalent  to  the  rotation  of  the  sun  and  the  orbital  revo- 
lutions of  the  planets,  or  the  amounts  of  heat  which  would  be 
generated  if  a  brake  were  applied  at  the  surface  of  the  sun,  so 
as  to  stop  the  motion  of  rotation,  and  if  the  planets  were 
stopped  in  their  orbits ;  also  the  heat  obtainable  from  gravita- 
tion, or  that  which  would  be  developed  by  each  of  the  planets 
falling  into  the  sim.  The  quantity  of  heat  is  expressed  by 
the  time  during  which  it  would  cover  the  solar  emissio  i : 


Heat  of  Gravitation,  equal  to  Solar 
emission  for  a  period  of 
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(703)  Thus,  if  the  planet  Mercury  were  to  strike  the  sue, 
the  quantity  of  heat  generated  would  cover  the  solar  emission 
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for  nearly  seven  jears ;  while  the  shock  of  Jupiter  would  cover 
the  loss  of  32,240  jears.  Our  earth  would  furnish  a  supply 
for  95  years.  The  heat  of  rotation  of  the  sun  and  planets, 
taken  together,  would  cover  the  solar  emission  for  134  years ; 
while  the  total  heat  of  gravitation  (that  produced  by  the  plan- 
ets falling  into  the  sun)  would  cover  the  emission  for  45,589 
years. 

(704)  Whatever  be  the  ultimate  fate  of  the  theory  here 
sketched,  it  is  a  great  thing  to  be  able  to  state  the  conditions 
which  certainly  would  produce  a  sun — to  be  able  to  discern 
in  the  force  of  gravity,  acting  upon  dark  matter,  the  source 
from  which  the  starry  heavens  may  have  been  derived.  For, 
whether  the  sun  be  produced  and  his  emission  maintained  by 
the  collision  of  cosmical  masses — ^whether  the  internal  heat  of 
tiie  earth  be  the  residue  of  that  developed  by  the  impact  of 
cold  dark  asteroids,  or  not,  there  cannot  be  a  doubt  as  to  the 
competence  of  the  cause  assigned  to  produce  the  effects  ascribed 
to  it.  Solar  light  and  solar  heat  lie  latent  in  the  force  which 
pulls  an  apple  to  the  ground.  ^  Created  simply  as  a  difference 
of  position  of  attracting  masses,  the  potential  energy  of  gravi- 
tation was  the  original  form  of  all  the  energy  in  the  universe. 
As  surely  as  the  weights  of  a  clock  run  down  to  their  lowest 
position,  from  which  they  can  never  rise  again,  unless  fresh 
energy  is  communicated  to  them  from  some  source  not  yet  ex- 
hausted, so  surely  must  planet  after  planet  creep  in,  age  by 
age,  toward  the  sun.  When  each  comes  within  a  few  hundred 
thousand  miles  of  his  surface,  if  he  is  still  incandescent,  it 
must  be  melted  and  driven  into  vapor  by  radiant  heat.  Nor, 
if  he  he  crusted  over  and  become  dark  and  cool  externally,  can 
the  doomed  planet  escape  its  fiery  end.  If  it  does  not  become 
incandescent,  like  a  shooting-star,  by  friction  in  its  passage 
through  his  atmosphere,  its  first  graze  on  his  surface  must  pro- 
duce a  stupendous  flash  of  light  and  heat.  It  may  be  at  once, 
or  it  may  be  after  two  or  three  bounds,  like  a  cannon-shot 
ricochetting  on  a  surface  of  earth  or  water,  the  whole  mass 
must  be  crushed,  melted,  and  evaporated  by  a  crash,  gener- 


j 


454  HEAT  AS  A  MODS  OF  MOTION. 

atinsT  in  a  moment  some  thousands  of  times  as  much  heat  as  a 
coal  of  the  same  size  would  produce  bj  burning."^ 

(705)  Helmholtz,  an  eminent  Grerman  physiologist,  phjsi- 
cist,  and  mathematician,  takes  a  somewhat  different  view  of  the 
origin  and  maintenance  of  solar  light  and  heat.  He  starts 
from  the  nebular  hypothesis  of  Laplace,  and,  assuming  the 
nebulous  matter,  in  the  first  instance,  to  have  been  of  extreme 
tenuity,  he  determines  the  amount  of  heat  generated  by  its 
condensation  to  the  present  solar  system.  Supposing  the 
specific  heat  of  the  condensing  mass  to  be  the  same  as  that  of 
water,  then  the  heat  of  condensation  would  be  sufficient  to 
raise  the  temperature  28,000,000°  Centigrade.  By  far  the 
greater  part  of  this  heat  was  wasted,  ages  ago,  in  space.  The 
most  intense  terrestrial  combustion  that  we  can  command  is 
that  of  oxygen  and  hydrogen,  and  the  temperatiu-e  of  the  pure 
oxy hydrogen-flame  is  8,061**  C.  The  temperature  of  a  hydro 
gen-flame  burning  in  air  is  3,259**  C. ;  while  that  of  the  lime- 
light, which  shines  with  such  sunlight  brilliancy,  is  estimated 
at  2,000°  C.  What  conception,  then,  can  we  form  of  a  tem- 
perature more  than  thirteen  thousand  times  that  of  the  Drum- 
mond  light  ?  If  our  system  were  composed  of  pure  coal,  and 
burnt  up,  the  heat  produced  by  its  combustion  would  only 
amount  to  y^iyth  of  that  generated  by  the  condensation  of  the 
nebulous  matter,  to  form  our  solar  system.  Helmholtz  sup- 
poses this  condensation  to  continue ;  that  a  virtual  falling 
down  of  the  superficial  portions  of  the  sun  toward  the  centre 
still  takes  place,  a  continual  development  of  heat  being  the 
result.  However  this  may  be,  he  shows  by  calculation  that 
the  shrinking  of  the  sun's  diameter  by  m^o^th  of  its  pres- 
ent length  would  generate  an  amount  of  heat  competent  to 
cover  the  solar  emission  for  2,000  years ;  while  the  condensa- 
tion of  the  sun  from  its  present  mean  density  to  that  of  the 
earth  would  have  its  equivalent  in  an  amount  of  heat  com- 
petent to  cover  the  present  solar  emission  for  17,000,000  years. 

(706)  "  But,"  continues  Helmholtz,  "  though  the  store  of 

♦  Thomaon  and  Tait  in  "  Good  Words,"  Oct.  186S,  p.  606. 
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our  planetary  system  is  so  immense  that  it  has  not  been  sensi* 
bly  diminished  by  the  incessant  emission  which  has  gone  on 
during  the  period  of  man's  history,  and  though  the  time  which 
must  elapse,  before  a  seusible  change  in  the  condition  of  our 
planetary  system  can  occur,  is  totally  beyond  our  comprehen- 
sion, the  inexorable  laws  of  mechanics  show  that  this  store, 
which  can  only  suffer  loss,  and  not  gain,  must  finally  be  ex- 
hausted. Shall  we  terrify  ourselves  by  this  thought  ?  We 
are  in  the  habit  of  measuring  the  greatness  of  the  universe, 
and  the  wisdom  displayed  in  it,  by  the  duration  and  the  profit 
which  it  promises  to  our  own  race ;  but  the  past  history  of  the 
earth  shows  the  insignificance  of  the  interval  during  which 
man  has  had  his  dwelling  here.  What  the  museums  of  Eu- 
rope show  us  of  the  remains  of  Egypt  and  Assyria  we  gaze 
upon  with  silent  wonder,  in  despair  of  being  able  to  carry 
back  our  thoughts  to  a  period  so  remote.  Still,  the  human 
race  must  have  existed  and  multiplied  for  ages  before  the  pyr- 
amids could  have  been  erected.  We  estimate  the  duration  of 
human  history  at  6,000  years ;  but,  vast  as  this  time  may  appear 
to  us,  what  is  it  in  comparison  with  the  period  during  which 
the  earth  bore  successive  series  of  rank  plants  and  mighty 
animals,  but  no  men?  Periods  during  which,  in  our  own 
neighborhood  (Konigsberg),  the  amber-tree  bloomed,  and 
dropped  its  costly  gum  on  the  earth  and  in  the  sea  ;  when  in 
Europe  and  North  America  groves  of  tropical  palms  flourished, 
in  which  gigantic  lizards,  and,  after  them,  elephants,  whose 
mighty  remains  are  still  biuied  in  the  earth,  found  a  home. 
Different  geologists,  proceeding  from  different  premises,  have 
sought  to  estimate  the  length  of  the  above  period,  and  they 
set  it  down  from  one  to  nine  millions  of  years.  The  time 
during  which  the  earth  has  generated  organic  beings  is  again 
small,  compared  with  the  ages  during  which  the  world  was  a 
mass  of  molten  rocks.  The  experiments  of  Bischof  upon 
basalt  show  that  our  globe  would  require  350  millions  of  years 
to  cool  down  from  2,000°  to  200**  Centigrade.  And  with  re- 
gard to  the  period  during  which  the  first  nebulous  masses 
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condensed,  to  form  our  planetary  sjstem,  oonjectme  must 
entirely  cease.  The  history  of  man,  therefore,  is  but  a  minute 
ripple  in  the  infinite  ocean  of  time.  For  a  much  longer  period 
than  that  during  which  he  has  already  occupied  this  world, 
the  existence  of  a  state  of  inorganic  nature,  favorable  to  man's 
continuance  here,  seems  to  be  secured,  so  that  far  ourselves, 
and  for  long  generations  after  us,  we  have  nothing  to  fear. 
But  the  same  forces  of  air  and  water,  and  of  the  volcanic  inte- 
rior, which  produced  former  geologic  revolutions,  burying  one 
series  of  living  forms  after  another,  still  act  upon  the  earth's 
crust  They,  rather  than  those  distant  oosmioal  changes  of 
which  we  have  spoken,  will  put  an  end  to  the  human  race ; 
and,  perhaps,  compel  us  to  make  way  for  new  and  more  com- 
plete forms  of  life,  as  the  lizAvd  and  mammoth  have  given  way 
to  us  and  omr  contemporaries."  * 

(707)  The  relationship  of  our  planet  and  the  powers  active 
there,  to  the  sun,  demands  special  attention.  Five-and-thirty 
years  ago,  the  following  remarkable  passage,  bearing  upon  this 
subject,  was  written  by  Sir  John  Herschel :  f  *'  The  sun's  rays 
are  the  ultimate  source  of  almost  every  motion  which  takes 
place  on  the  surface  of  the  earth.  By  its  heat  are  produced 
all  winds,  and  those  disturbances  in  the  electric  equilibrium 
of  the  atmosphere  which  give  rise  to  the  phenomena  of  light- 
ning, and  probably  also  to  terrestrial  magnetism  and  the  au- 
rora. By  their  vivifying  action,  vegetables  are  enabled  to 
draw  support  from  inorganic  matter,  and  become  in  their  turn 
the  support  of  animals  and  man,  and  the  source  of  those  great 
deposits  of  dynamical  efficiency  which  are  laid  up  for  human 
use  in  our  coal-strata.  By  them  the  waters  of  the  sea  are 
made  to  circulate  in  vapor  through  the  air,  and  irrigate  the 
land,  producing  springs  and  rivers.  By  them  are  produced  all 
disturbances  of  the  chemical  equilibrium  of  the  elements  of 
Nature  which,  by  a  series  of  compositions  and  decompositions, 
irive  rise  to  new  products  and  originate  a  transfer  of  materials. 

♦  WechBclwirkuni?  dor  Naturkrafte,  Phil.  Mag.,  8er.  IV.  vol.  ix.  p.  616. 
t  Outliues  of  Astronomy,  1833. 
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Even  the  slow  gradation  of  tbe  solid  constituents  of  the  sur- 
£Boe,  in  which  its  chief  geological  change  consists,  is  almost 
entirelj  due,  on  the  one  hand,  to  the  abrasion  of  wind  or  rain 
and  the  alternation  of  heat  and  frost ;  on  the  other,  to  the  con- 
tinual beating  of  sea-waves  agitated  by  winds,  the  results  of 
solar  radiation.  Tidal  action  (itself  partly  due  to  the  sun's 
agency)  exercises  here  a  comparatively  slight  influence.  The 
effect  of  oceanic  currents  (mainly  originating  in  that  influence), 
though  slight  in  abrasion,  is  powerfid  in  diffusing  and  trans- 
porting the  Ratter  abraded ;  and,  when  we  consider  the  im- 
mense transfer  of  matter  so  produced,  the  increase  of  pressure 
over  large  spaces  in  the  bed  of  the  ocean,  and  diminution  over 
corresponding  portions  of  the  land,  we  are  not  at  a  loss  to  per- 
ceive how  the  elastic  force  of  subterranean  fires,  thus  repressed 
on  the  one  hand  and  released  on  the  other,  may  break  forth  in 
points  where  the  resistance  is  barely  adequte  to  their  reten- 
tion, and  thus  bring  the  phenomena  of  even  volcanic  activity 
under  the  general  law  of  solar  influence.'' 

(708)  This  fine  passage  requires  but  the  breath  of  recent 
investigation  to  convert  it  into  an  exposition  of  the  law  of  the 
conservation  of  energy,  as  applied  to  both  the  organic  and  in- 
organic world.  Late  discoveries  have  t-aught  us  that  winds 
and  rivers  have  their  definite  thermal  values,  and  that,  in  or- 
der to  produce  their  motion,  an  equivalent  amoimt  of  solar 
heat  has  been  consumed.  While  they  exist  as  winds  and 
rivers,  the  heat  expended  in  producing  them  has  ceased  to 
exist,  being  converted  into  mechanical  motion ;  but,  when 
that  motion  is  arrested,  the  heat  which  produced  it  is  restored. 
A  river,  in  descending  from  an  elevation  of  7,720  feet,  gen- 
erates an  amount  of  heat  competent  to  augment  its  own  tem- 
perature 10°  Fahr.,  and  this  amount  of  heat  was  abstracted 
from  the  sun,  in  order  to  lift  the  matter  of  the  river  to  the 
plevation  from  which  it  falls.  As  long  as  the  river  continues 
on  the  heights,  whether  in  the  solid  form  as  a  glacier,  or  in 
the  liquid  form  as  a  lake,  the  heat  expended  by  the  sun  in  lift- 
ing it  has  disappeared  from  the  universe.  It  has  been  con- 
20 
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saxo'^d  ia  tlje  act  of  lifting.  Bat,  at  the  mcmient  that  the 
nrer  starts  upon  its  downward  course,  and  enoounten  the  re- 
si>:aaoe  of  its  bed,  the  beat  expended  in  its  elevation  begins 
to  be  n»u>ned.  The  mental  ere,  indeed,  can  follow  the  emis- 
si  »a  £n.>ai  its  source,  through  the  ether  as  vibratoiy  motion,  to 
the  <>:ean,  where  it  ceases  to  be  Tibratioo,  and  takes  the  po- 
toati^  form  among  the  molecules  of  aqueous  Tspor ;  to  the 
ni  Kintain-top,  where  the  heat  absorbed  in  Taporization  is 
ziv^^  out  in  oondonsatioo,  while  that  expended  bj  the  sun  in 
i-r^fH^j  the  water  to  its  present  elevation  is  still  unrestored. 
Tnis  wy  dad  paid  bat^  to  the  last  unit  bj  the  friction  along 
the  river's  bed ;  at  the  bottom  of  the  cascades  where  the 
pIuQ^  of  the  torrent  is  suddenly  arrested ;  in  the  warmth  of 
the  m^scaioerr  turned  by  the  fiver;  in  the  spaik  from  the 
millstooe :  beneath  the  crusher  c^  the  miner ;  in  the  Alfune 
>av--:ii!y. :  in  the  milk-ohum  of  the  chMet ;  in  the  supports  of 
tie  cra-i!e  ia  wlJoh  the  mountaineer,  by  water-power,  rocks 
b:-  babv  to  sleep.  All  the  forms  of  mechanical  moticm  here 
iii  I:  ?a:e.i  are  simply  the  parcelling  out  of  an  amount  of  calo- 
r:-;?  mxi^a  derived  originally  from  the  sun;  and,  at  each 
p*i:i:  a:  which  the  mechanical  motion  is  destroyed  or  dimin- 
is:i:  i,  it  is  the  sun*s  heat  which  is  restored. 

f7<XM  We  have  thus  £ar  dealt  with  the  sensible  motions 
a^i ;  r':i-,*rjies  which  the  sun  produces  and  confers ;  but  there 
an?  v't-iiT  in.'tions  and  other  enennes  whose  relations  are  not 
so  i.tbviojs.     Trees  and  vegetables  grow  upon  the  earth,  and, 
who  11  burned,  they  give  rise  to  heat,  from  which  immense 
quantities  of  mechanical  energy  are  derived.     What  is  (he 
s<nirw  of  this  energy?      Sir  John  Herschel  answered  this 
question  in  a  creneral  way;  while  Dr.  Mayer  and  Professor 
Helmboltz  fixovi  its  exact  relation  to  the  more  general  question 
of  t\>iisorvaiion.     Let  me  try  to  put  their  answers  into  plain 
w».»r\Ls     You  see  this  iron  rust,  produced  by  the  faUing  to- 
gether of  the  atoms  of  iron  and  oxygen;  but,  though  jou 
cannot  stv  this  transparent  earbonie-acid  gas,  it  is  formed  by 
tt>e  union  of  carbon  and  oxygen.     These  atoms]  thus  united 
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resemble  a  weight  resting  on  the  earth ;  their  mutual  attrac- 
tion is  satisfied.  But^  as  I  can  wind  up  the  weight,  and  pre- 
pare it  for  another  £a11,  even  so  these  atoms  can  be  wound  up, 
separated  from  each  other,  and  thus  enabled  to  repeat  the  pro- 
cess of  combination. 

(710)  In  the  building  of  plants,  carbonic  acid  is  the  ma- 
terial from  which  the  carbon  of  the  plant  is  derived,  while 
water  is  the  substance  from  which  it  obtains  its  hydrogen. 
The  solar  beam  winds  up  the  weight ;  it  is  the  agent  which 
severs  the  atoms,  setting  the  oxygen  free,  and  allowing  the 
carbon  and  the  hydrogen  to  aggregate  in  woody  fibre.  If  the 
sun's  rays  feill  upon  a  surface  of  sand,  the  sand  is  heated,  and 
finally  radiates  away  as  much  heat  as  it  receives ;  but  let  the 
same  beams  hll  upon  a  forest;  then  the  quantity  of  heat 
given  back  is  less  than  that  received,  for  a  portion  of  the  sun- 
beams is  invested  in  the  building  of  the  trees.  We  have  al- 
ready seen  how  heat  is  consumed  in  forcing  asunder  the  atoms 
of  bodies ;  and  how  it  reappears,  when  the  attraction  of  the 
separated  atoms  comes  again  into  play.*  The  precise  consid- 
erations which  we  then  applied  to  heat,  we  have  now  to  apply 
to  light,  for  it  is  at  the  expense  of  the  solar  light  that  the 
chemical  decomposition  takes  place.  Without  the  sun,  the  re- 
duction of  the  carbonic  acid  and  water  cannot  be  effected ; 
and,  in  this  act,  an  amoimt  of  solar  energy  is  consumed  exact- 
ly equivalent  to  the  molecular  work  done. 

(711)  Combustion  is  the  reversal  of  this  process  of  reduc- 
tion, and  all  the  energy  invested  in  a  plant  reappears  as  heat, 
when  the  plant  is  burned.  I  ignite  this  bit  of  cotton,  it  biursts 
into  fiame ;  the  oxygen  again  unites  with  its  carbon,  and  an 
amount  of  heat  is  given  out,  equal  to  that  originally  sacrificed 
by  the  sun  to  form  the  bit  of  cotton.  So  also  as  regards  the 
^'  deposits  of  dynamical  efficiency  "  laid  up  in  our  coal-strata ; 
they  are  simply  the  sun's  rays  in  a  potential  form.  We  dig 
from  our  pits,  annually,  eighty-four  millions  of  tons  of  coal, 
the  mechanical  equivalent  of  which  is  of  almost  fabulous  vast- 

♦  Clmpter  V. 
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DeoL  'Die  oombustioD  of  a  tingle  pound  of  coal  in  one  minute 
is  equal  to  the  work  of  ttuee  himdred  hemes  for  the  same 
time.  It  would  require  one  hundred  and  eight  millions  of 
horses,  working  night  and  day  with  unimpaired  strength  for  a 
Tear,  to  perform  an  amount  c^  work  equiTalent  to  the  energy 
which  the  sun  of  the  OuboDiferoua  epoch  inyested  in  one 
yearns  prodtioe  of  our  coalpits. 

{tit)  The  further  we  pursue  this  subject,  the  more  its  in- 
teft«t  and  its  wonder  grow  upon  us.  You  have  learned  how 
a  sun  may  be  produced  by  the  mere  exercise  of  gravitating 
force ;  that,  by  the  collision  of  cold,  dark,  planetary  masses,  tbe 
light  and  heat  of  our  central  orb,  and  also  of  the  fixed  stars, 
may  be  obtained.  But  here  we  find  ihe  physical  powers,  de- 
rived or  derivable  from  the  action  of  gravity  upon  dead  mat- 
ter, introducing  themselves  at  the  very  root  of  the  question  of 
vitality.  We  find  in  solar  light  and  beat  the  very  mainspring 
of  vt^*:ahle  life, 

lT13)  Xor  can  we  halt  at  the  vegetable  world,  for  it,  me- 
diatolv  or  immt^diatelv,  is  the  source  of  all  animal  life.  Some 
animals  feixi  directly  on  plants,  others  feed  upon  their  herbiv- 
orous fellow-oreaturos ;  but  all  in  the  long-run  derive  life  and 
enerxry  from  the  vegetable  world ;  all,  therefore,  as  Helmholtz 
has  remarked,  may  trace  their  lineage  to  the  sun.  In  the  ani- 
mal Nxly  the  carbon  and  hydrogen  of  the  vegetable  are  again 
bn>ught  into  contact  with  the  oxygen  from  which  they  had 
Kvn  divoixvd,  and  which  is  now  supplied  by  the  lungs.  Re- 
union takes  place,  and  animal  heat  is  the  result.  Save  as 
regaivis  intensity,  there  is  no  difference  between  the  oombus- 
tivni  that  thus  goes  on  within  us  and  that  of  an  ordinary  fire. 
The  productj(  of  combustion  are  in  both  cases  the  same, 
namely,  carbonic  acid  and  water.  Looking,  then,  at  the  physics 
^^f  the  question,  we  see  that  the  formation  of  a  vegetable  is  t 
pr\xv$s  of  winding  up,  while  the  formation  of  an  animal  is  a 
I'^xvss  of  running  down.  This  is  the  rhythm  of  Nature  as 
appliixl  to  animal  and  vegetable  life. 

(714)  But  is  there  nothing  in  the  human  body  to  liberate 
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it  from  that  chain  of  necessity  which  the  law  of  conservation 
coils  around  inorganic  Nature  ?  Look  at  two  men  upon  a 
mountain-side,  with  equal  health  and  physical  strength;  the 
one  will  sink  and  fail,  while  the  other,  with  determined  energy, 
scales  the  summit.  Has  not  volition,  in  this  case,  a  creative 
power?  Physically  considered,  the  law  that  rules  the  opera- 
tions of'  a  steam-engine  rules  the  operations  of  the  climber. 
For  every  pound  raised  by  the  former,  an  equivalent  quantity 
of  its  heat  disappears ;  and,  for  every  step  the  climber  ascends, 
an  amount  of  heat,  equivalent  jointly  to  his  own  weight  and 
the  height  to  which  it  is  raised,  is  lost  to  his  body.  The 
strong  will  can  draw  largely  upon  the  physical  energy  fur- 
nished by  the  food ;  but  it  can  create  nothing.  The  function 
of  the  will  is  to  apply  and  direct^  not  to  create. 

(715)  I  have  just  said  that,  as  a  climber  ascends  a  moun- 
tain, heat  disappears  from  his  body ;  the  same  statement  ap- 
plies to  animals  performing  work.  It  would  appear  to  follow 
from  this,  that  the  body  ought  to  g^w  colder  in  the  act  of 
climbing  or  of  working,  whereas  universal  experience  proves 
it  to  grow  warmer.  The  solution  of  this  seeming  contradic- 
tion is  found  in  the  fact  that,  when  the  muscles  are  exerted, 
augmented  respiration  and  increased  chemical  action  set  in. 
The  bellows  which  urge  oxygen  into  the  fire  within  are  more 
briskly  blown,  and  thus,  though  heat  actually  disappears  as 
we  climb,  the  loss  is  more  than  covered  by  the  increased  ac- 
tivity of  the  chemical  processes. 

(716)  By  means  of  a  modification  of  the  thermo-electric 
pile,  MM.  Becquerel  and  Breschet  proved  that  heat  is  devel- 
oped in  a  muscle  when  it  contracts.  MM.  Billroth  and  Fick 
have  also  foimd  that,  in  the  case  of  persons  who  die  from  te- 
tanus, the  temperature  of  the  muscles  is  sometimes  nearly 
eleven  degrees  Fahrenheit  in  excess  of  the  normal  tempera- 
ture. M.  Helmholtz  has  shown  that  the  muscles  of  dead  frt)g8 
in  contracting  produce  heat ;  and  an  extremely  important  re- 
sult as  regards  the  influence  of  contraction  has  been  obtained 
by  Professor  Ludwig,  of  Vienna,  and   his  pupils.     Arterial 
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bloc«L  Ton  know,  is  chuged  with  ozjgen :  when  this  blood 
passes  through  a  muscle  in  an  oidinaij  nnoontracted  state,  it 
is  changed  into  TtmoiK  blood  whidi  stiU  retains  about  7^  per 
eenc  of  oxTsren.  Bnt,  if  the  aiterial  blood  pass  through  a 
enminaKted  musde,  it  b  ahnoet  whdllj  deprived  of  its  oxygen, 
the  quantitT  lemaining  amounting,  in  some  cases,  to  onlj  1^ 
prr  cent.  As  a  result  of  the  ai^gmented  combustion  within 
the  muscles  when  in  a  state  of  actiTitj,  we  have  an  increased 
amount  of  caHKwio  acid  expired  from  the  lungs.  Dr.  Edward 
Smith  has  shown  that  the  quantity  of  this  gas  expired  during 
periods  of  great  exertion  maj  be  five  times  that  expired  in  a 
state  of  repose. 

(lit)  Now,  when  we  augment  the  temperature  of  the 
body  by  labor,  a  poirfiom  only  of  Ae  excess  of  molecular  mo- 
tion generated  is  applied  to  the  performance  of  the  woik. 
Suppose  a  certain  amount  of  food  to  be  oxidised  in  the  body 
of  a  man  in  a  state  of  repose,  the  quantity  of  heat  produced 
in  the  process  is  exactly  that  which  we  should  obtain  from 
the  direct  combustion  of  the  food  in  an  ordinary  fire.  But 
suppose  the  oxidation  of  the  food  to  take  place  while  the  man 
is  perfortning  work,  then  the  heat  generated  in  the  body  £&lls 
short  of  that  which  could  be  obtained  from  direct  combustiou. 
An  amount  of  heat  is  missing,  equivalent  to  the  work  done. 
Supposing  the  work  to  consist  in  the  development  of  heat  by 
friction,  then  the  amount  of  heat  thus  generated  outside  of 
the  man's  boily  would  be  exactly  that  which  was  wanting 
within  his  body  to  make  the  heat  there  generated  equsl  to 
that  produced  by  direct  combustion. 

(718)  It  is,  of  course,  easy  to  determine  the  amoimt  of 
heat  consumed  by  a  mountaineer  in  lifting  his  own  body  to 
any  elevation.  When  lightly  clad,  I  weigh  about  145  lbs. ; 
what  is  the  amount  of  heat  consumed,  in  my  case,  in  climbing 
from  the  sea-level  to  the  top  of  Mont  Blanc  ?  The  height  of 
the  mountain  is  15,774  feet ;  and,  for  every  pound  of  my  body 
raised  to  a  height  of  772  feet,  a  quantity  of  heat  is  consumed 

Kcient  to  raise  the  temperature  of  a  pound  of  water  1^ 
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Fahr.  Consequentlj,  on  climbing  to  a  height  of  15,774,  or 
about  20|^  times  772  feet,  an  amount  of  heat  is  consumed  suf- 
ficient to  raise  the  temperature  of  145  lbs.  of  water  20^°  Fahr. 
If,  on  the  other  hand,  I  could  perform  a  glissade  from  the  top 
of  the  mountain  to  the  sea-level,  the  quantity  of  heat  gener- 
ated diiring  the  descent  would  be  preciselj  equal  to  that  con- 
sumed in  the  ascent.  Your  attention  has  been  more  than 
once  directed  to  the  energy  of  molecular  forces,  and  here  ihe 
subject  appears  once  more.  Measured  by  one's  feelings,  the 
amount  of  exertion  necessary  to  reach  the  top  of  Mont  Blanc 
is  very  great.  Still  the  energy  which  performs  this  feat  would 
be  derived  from  the  combustion  of  about  two  ounces  of  carbon. 
In  the  case  of  an  excellent  steam-engine,  about  one-tenth  of 
the  heat  employed  is  converted  into  work ;  the  remaining 
nine-tenths  being  wasted  in  the  air^  the  condenser,  etc.  In 
the  case  of  an  active  mountaineer,  as  much  as  one-fifth  of  the 
heat  due  to  the  oxidation  of  his  food  may  be  converted  into 
work ;  hence,  as  a  working-machine,  the  animal  body  is  much 
more  perfect  than  the  steam-engine. 

(719)  We  see,  however,  that  the  engine  and  the  animal 
derive,  or  may  derive,  these  powers  from  the  self-same  source. 
We  can  work  an  engine  by  the  direct  combustion  of  the  sub- 
stances which  we  employ  as  food ;  and,  if  our  stomachs  were 
so  constituted  as  to  digest  coal,  we  should,  as  Hemholtz  has 
remarked,*  be  able  to  derive  our  energy  from  this  substance. 
The  grand  point  permanent  throughout  all  these  considerations 
is,  that  nothing  is  created.  We  can  make  no  movement  which 
is  not  accounted  for  by  the  contemporaneous  extinction  of 
some  other  movement.  And  how  complicated  soever  the  mo- 
tions of  animals  may  be,  whatever  may  be  the  change  which 
the  molecules  of  our  food  imdergo  within  our  bodies,  the  whole 
energy  of  animal  life  consists  in  the  falling  of  the  atoms  of 
carbon,  and  hydrogen,  and  nitrogen,  from  the  high  level  which 
they  occupy  in  the  food  to  the  low  level  which  they  occupy 
when  they  quit  the  body.     But  what  has  enabled  the  carbon 

*  Phil.  liag.  1856,  voL  ix.  p.  510. 
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and  the  hydrogen  to  fall  ?  What  first  raised  them  to  the  level 
which  rendered  the  £all  possible  ?  We  have  already  learned 
that  it  is  the  sun.  It  is  at  his  cost  that  animal  heat  is  pro- 
duced, and  animal  motion  accomplished.  Not  only,  then,  is 
the  sun  chilled,  that  we  may  have  om*  fires,  but  he  is  likewise 
chilled  that  we  may  have  our  powers  of  locomotion. 

(720)  The  subject  is  of  such  vast  importance,  and  is  so 
sure  to  tinge  the  whole  future  course  of  philosophic  thought, 
that  I  will  dwell  upon  it  a  little  longer,  and  endeavor,  by  ref- 
erence to  analogical  processes,  to  give  you  a  clearer  idea  of 
the  part  played  by  the  sun  in  vital  actions.     We  can  raise 
water  by  mechanical  action  to  a  high  level ;  and  that  water,  in 
descending  by  its  own  gravity,  may  be  made  to  assume  a  va- 
riety of  forms,  and  to  perform  various  kinds  of  mechanical 
work.     It  may  be  made  to  fall  in  cascades,  rise  in  fountains, 
twirl  in  eddies,  or  flow  along  a  uniform  bed.     It  may,  more- 
over, be  employed  to  turn  wheels,  lift  hammers,  grind  com,  or 
drive  piles.     Now,  there  is  no  power  created  by  the  water 
during  its  descent.     All  the  energy  which  it  exhibits  is  mere- 
ly the  parcelling  out  and  distribution  of  the  original  energy 
which  raised  it  up  on  high.     Thus  also  as  r^ards  the  complex 
motions  of  a  cloi*k  or  a  watch ;  they  are  entirely  derived  from 
the  ent*rjjY  o(  ihe  hami  which  winds  it  up.     Thus  also  the 
singiu^sr  ^'^  '^  ^^^^^  Swiss  bird  in  the  International  Exhibi- 
tion :  iW  ^vcfiiig  o£  its  artilicial  organs,  the  vibrations  of 
the  »ur  ^^^  =i«Jrike  the  ear  as  melody,  the  flutter  of  its  little 
w*in^  awl  all  other  motions  of  the  pretty  automaton,  were 
BMWkyfy  dwived  from  the  force  by  which  it  was  wound  up.    It 
M^  out  nothing  that  it  has  not  received.     In  this  precise 
^iise,  you  will  pertreive,  is  the  energy  of  man  and  animals 
llie  parcelling  out  and  distribution  of  an  energy  originally  ex- 
erted by  the  sun.     In  the  vegetable,  as  we  have  remarked,  the 
act  of  elevation,  or  of  winding  up,  is  performed;  and  it  is 
during  the  descent,  in  the  animal,  of  the  carbon,  hydrogen, 
and  nitTOgen,  to  the  level  from  which  they  started,  that  the 
|H>wort  of  life  appear. 
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(721)  But  the  question  is  not  yet  exhausted.  The  water 
which  we  used  in  our  first  illustration  produces  all  the  motion 
displayed  in  its  descent,  but  the  form  of  the  motion  depends 
on  the  character  of  the  machinery  interposed  in  the  path  of 
the  water.  And  thus  the  primary  action  of  the  sun's  rays  is 
qualified  by  the  atoms  and  molecules  among  which  their  power 
is  distributed.  Molecular  forces  determine  the  foffn  which  the 
solar  energy  will  assume.  In  the  one  case  this  energy  is  so 
conditioned  by  its  atomic  machinery  as  to  result  in  the  forma- 
tion of  a  cabbage ;  in  another  case  it  is  so  conditioned  as  to 
result  in  the  formation  of  an  oak.  So  also  as  r^ards  the  re- 
union of  the  carbon  and  the  oxygen — ^the/brmof  their  reunion 
is  determined  by  the  molecular  machinery  through  which  the 
combining  force  acts.  In  one  case  the  action  may  result  in  the 
formation  of  a  man,  while  in  another  it  may  result  in  the  forma- 
tion of  a  grasshopper. 

(722)  The  matter  of  our  bodies  is  that  of  inorganic  Natiu^.' 
There  is  no  substance  in  the  animal  tissues  which  is  not  pri- 
marily derived  from  the  rocks,  the  water,  and  the  air.  Are 
the  forces  of  organic  matter,  then,  different  in  kind  from  those 
of  inorganic  ?  All  the  philosophy  of  the  present  day  tends  to 
negative  the  question ;  and  to  show  that  it  is  the  directing  and 
compounding,  in  the  organic  world,  of  forces  belonging  equal- 
ly to  the  inorganic,  that  ccxistitute  the  mystery  and  the  mira- 
cle of  vitality. 

(723)  In  discussing  the  material  combinations  which  result 
in  the  formation  of  the  body  and  the  brain  of  man,  it  is  impos- 
sible to  avoid  taking  side-glances  at  the  phenomena  of  con- 
sciousness and  thought.  Science  has  asked  daring  questions, 
and  will,  no  doubt,  continue  to  ask  such.  Problems  will  as- 
suredly present  themselves  to  men  of  a  future  age,  which,  if 
enunciated  now,  would  appear  to  most  people  as  the  direct  off- 
spring of  insanity.  Still,  though  the  progress  and  develop- 
ment of  science  may  seem  to  be  unlimited,  there  is  a  region 
beyond  her  reach,  a  line  with  which  she  does  not  even  tend  to 
osculate.     Given  the  masses  and  distances  of  the  planets,  we 
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GUI  infer  the  perturbatioiis  oonaeqiient  on  ihrnr  mutual  attrac- 
tiona.  Given  the  nature  of  a  distuifianoe  in  water,  air,  or 
etlier,  we  can  infer  from  the  propertiea  of  the  ""^i*""  how  its 
particles  will  be  afifected.  In  aU  this  we  deal  with  phjsacal 
laws,  and  the  mind  runs  fireelj  along  the  line  whidi  connects 
the  i^enomena  from  b^inning  to  end.  But  when  we  en- 
deavor to  passybja  similar  process,  from  the  region  of  physics 
to  that  of  thought,  we  meet  a  problem  not  only  bejond  our 
present  powers,  but  transcending  any  conceivable  expansion 
of  the  powers  we  now  possess.  We  may  think  over  the  sub- 
ject again  and  again,  but  it  eludes  all  intdlectual  presentation. 
The  origin  of  the  material  universe  is  equally  inacrutaUe. 
Thus,  having  exhausted  science,  and  reached  its  very  lim,  the 
real  mystery  of  existence  still  looms  around  us,  aikL  thus  it 
will  ever  loom— -ever  beyond  the  bourn  of  nuui^s  inteUeofc — 
gidng  the  poets  of  successive  ages  just  occasion  to  dedaie  that 

**  We  are  8uch  stuff 
As  dreuns  are  made  oi^  and  our  fittle  life 
Is  romided  bj  a  sleep.** 

(724)  Still,  presented  rightly  to  the  mind,  the  discoveries 
ami  generalizations  of  modem  science  constitute  a  poem  more 
sublime  than  has  ever  yet  addressed  the  human  imagination. 
The  natural  philosopher  of  to-day  may  dwell  amid  conceptions 
whii'h  beggar  those  of  Milton.  Look  at  the  int^rated  enei^ 
gios  of  our  world — the  stored  power  of  our  coal-fields ;  ouf 
wimls  aiul  rivers;  our  fleets,  armies,  and  guns.  What  are 
thov?  They  are  all  generated  by  a  portion  of  the  sun's 
enerpT,  which  does  not  amount  to  tutAit^i  of  the  whole. 
This  is  the  entire  fraction  of  the  sun^s  force  intercepted  by  the 
earth,  and  we  convert  but  a  small  fraction  of  this  fraction  into 
mechanical  energy.  Multiplying  aU  our  powers  by  millions 
of  millioniv,  we  do  not  reach  the  sun^s  expenditure.  And  still, 
notwithstanding  this  enormous  drain,  in  the  lapse  of  human 
historv  wo  are  unable  to  detect  a  diminution  of  his  store.* 
ured  by  our  largest  terrestrial  standards,  such  a  reservoir 
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of  power  is  infinite ;  but  it  is  our  privilege  to  rise  above  these 
standards,  and  to  regard  the  sun  himself  as  a  speck  in  infinite 
extension — a  mere  drop  in  the  universal  sea.  We  analyze  the 
space  in  which  be  is  immersed,  and  which  is  the  vehicle  of  his 
power.  We  pass  to  other  systems  and  other  suns,  each  pour- 
ing forth  energy  like  our  own,  but  still  without  infringement 
of  the  law,  which  reveals  immutability  in  the  midst  of  change, 
which  recognizes  incessant  transference  or  conversion,  but 
neither  final  gain  nor  loss.  This  law  generalizes  the  aphorism 
of  Solomon,  that  there  is  nothing  new  under  the  sun,  by  teach- 
ing us  to  detect  everywhere,  under  its  infinite  variety  of  ap- 
pearances, the  same  primeval  force.  The  energy  of  Nature  is 
a  constant  quantity,  and  the  utmost  man  can  do  in  the  pursuit 
of  physical  truth,  or  in  the  applications  of  physical  knowledge, 
is  to  shift  the  constituents  of  the  never-varying  total,  sacrific- 
ing one  if  he  would  produce  another.  The  law  of  conservation 
rigidly  excludes  both  creation  and  annihilation.  Waves  may 
change  to  ripples,  and  ripples  to  waves— magnitude  may  be 
substituted  for  number,  and  number  for  magnitude — asteroids 
may  aggregate  to  suns,  suns  may  invest  their  energy  in  floras 
and  faunae,  and  florae  and  faunae  may  melt  in  air — the  flux  of 
power  is  eternally  the  same.  It  rolls  in  music  through  the 
ages,  while  the  manifestations  of  physical  life  as  well  as  the 
display  of  physical  phenomena  are  but  the  modulations  of  its 
rhythm. 
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(725)  "^VT^On  have  had  laid  before  jou  an  abstract  of  the 
JL  principal  researches  which  have  occupied  mj  at- 
tention for  the  last  ten  years.  In  these  investigations,  my  chief 
aim  ¥ras  to  render  the  longer  waves  of  the  prismatic  spectrum 
interpreters  and  expositors  of  molecular  condition,  and  we 
wound  up  our  13th  Chapter  by  filtering  the  waves  of  visible 
period  from  those  of  invisible  period,  and  then  broke  up  the 
larger  heat-waves  so  as  to  enable  them  to  produce  all  the 
phenomena  of  light.  Unlike  the  beautiful  researches  of  Mel- 
loni  and  Knoblauch,  the  investigations  here  referred  to  made 
radiant  heat  a  means  to  an  end.  I  endeavored  to  place  before 
mv  mind  such  images  of  molecules  and  their  constituent  atoms 
as  modem  science  renders  probable,  and  such  images  of  the 
luminiforous  ether  and  its  motions  as  the  undulatory  theory 
of  light  enables  us  to  form,  and  to  found  upon  these  concep- 
tions ex}x*rimental  inquiries  which  should  give  us  a  more  sure 
and  certain  hold  of  molecular  constitution. 

(7^0)  One  result,  among  many  now  known  to  you,  of  these 

ri^scan^hos  is,  the  sudden  change  of  relations,  between  the  ether 

of  5JVICO  and  oniinary  matter,  which  accompanies  the  act  of 

**binatiiUi.     Preserving  the  quantity  and  ultimate  quality 

matter  traversed  by  the  ethereal  waves  constant,  vast 
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changes  in  the  amount  of  wave-motion  intercepted  may  be 
produced  by  the  act  of  chemical  union.  If  nitrogen  and 
oxygen,  for  example,  be  mixed  mechanically  together  in  the 
proportion,  by  weight,  of  seven  to  four,  radiant  heat  will  pass 
through  the  mixture  as  through  a  vacuum.  At  all  eveiits,  the 
quantity  of  heat  intercepted  is  multiplied  a  thousand-fold  the 
moment  the  oxygen  and  nitrogen  combine  to  form  laughing- 
gas.  So,  in  like  manner,  if  nitrogen  and  hydrogen  be  mixed 
mechanically  in  the  proportion  of  fourteen  to  three,  the  amount 
of  radiant  heat  which  they  absorb  in  this  condition  is  multiplied 
by  thousands — it  may  be  by  millions — the  moment  they  unite 
chemically  to  form  ammonia.  No  single  experiment  shows 
the  air  we  breathe  to  be  a  mechanical  mixture,  and  not  a 
chemical  compound,  with  the  same  conclusiveness  as  that 
which  proves  it  to  be  as  practicaUy  pervious  as  a  vacuum  to 
the  rays  of  heat. 

(727)  But  the  molecules  which,  like  those  of  ammonia  and 
laughing-gas,  can  intercept  the  waves  of  ether,  must  be  shaken 
by  those  waves — ^possibly  shaken  asunder.  That  ordinary 
therroometrio  heat  can  produce  chemical  changes  is  one  of  the 
commonest  facts.  Radiant  heat  also,  if  sufficiently  intense, 
and  if  absorbed  with  sufficient  avidity,  could  produce  all  the 
effects  of  ordinary  thermometric  heat.  The  dark  rays,  for  ex- 
ample, which  can  make  platinum  white-hot,  could  also,  if  ab- 
sorbed, produce  the  chemical  effects  of  white-hot  platinum. 
They  could,  for  example,  decompose  water,  as  they  can  now 
in  a  moment  boil  water.  But  the  decomposition  in  this  case 
would  be  effected  through  the  virtual  conversion  of  the  radiant 
heat  into  thermometric  heat.  There  would  be  nothing  in  the 
act  characteristic  of  radiation,  or  demanding  it  as  an  essential 
element  in  the  decomposition. 

(728)  The  chemical  actions  for  which  the  radiant  form 
seems  essential  are  mainly  produced  by  the  least  energetic 
rays  of  the  spectrum.  Thus  the  photographer  has  his  heat- 
focus  in  advance  of  his  •  chemical  focus ;  which  latter,  though 
potent  for  his  special  purpose,  possesses  almost  infinitely  less 
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pie,  consists  of  two  atoms  of  hydrogen  and  one  of  oxygen.  A 
molecule  of  ammonia  consists  of  three  atoms  of  hydrogen  and 
one  of  nitrogen,  and  so  of  other  substances.  Thus  the  mole- 
cules, themselves  inconceivably  small,  are  made  up  of  distinct 
parts  still  smaUer.  When,  therefore,  a  compound  vapor  is 
spoken  of^  the  corresponding  mental  image  is  an  aggregate  of 
molecules  separated  from  each  other,  though  exceedingly  near, 
each  of  these  being  composed  of  a  group  of  atoms  still  nearer 
to  each  other.  So  much  for  the  mcUter  which  enters  into  our 
conception  of  a  vapor.*  To  this  must  now  be  added  the  idea 
of  moiian.  The  molecules  have  motions  of  their  own  as 
wholes;  their  constituent  atoms  have  also  motions  of  their 
own,  which  are  executed  independently  of  those  of  the  mole- 
cules ;  just  as  the  various  movements  of  the  earth^s  surface 
are  executed  independently  of  the  orbital  revolution  of  our 
planet. 

(731)  The  vapor-molecules  are  kept  asunder  by  forces 
which,  virtually  or  actually,  are  forces  of  repulsion.  Between 
these  elastic  forces  and  the  atmospheric  pressiu-e  under  which 
the  vapor  exists,  equilibrium  is  established  as  soon  as  the 
proper  distances  between  the  molecules  have  been  assumed. 
If,  after  this,  the  molecules  be  urged  nearer  to  each  other  by 
a  momentary  force,  they  recoil  as  soon  as  the  force  is  ex- 
pended. If,  by  the  exercise  of  a  similar  force,  they  be  sei)a- 
rated  more  widely,  when  the  force  ceases  to  act,  they  again 
approach  each  other.  The  case  is  different*  as  regards  the  con- 
stituent atoms. 

(732)  And  here  let  me  remark  that  we  are  now  upon  the 
very  outmost  verge  of  molecular  physics ;  and  that  I  am  at- 
tempting to  familiarize  your  minds  with  conceptions  which 
have  not  yet  obtained  universal  currency  even  among  chem- 

*  Newton  Bccmed  to  conHidcr  that  the  molecules  might  be  rendered  visilde 
by  microscopes ;  but  of  atoms  ho  appears  to  have  entertained  a  different  ojun- 
ion.  lie  finely  remarka :  "  It  seems  impossible  to  see  the  more  secret  and 
noble  works  of  Nature  within  the  corpuscles,  by  reason  of  their  transpar- 
ency."—(Herschel,  "  On  Light,"  art.  1146.) 
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ists ;  which  manj  chemists,  moreover,  might  deem  untenable. 
But,  tenable  or  untenable,  it  is  of  the  highest  scientific  im- 
portance to  discuss  them.  Let  us,  then,  look  mentally  at  our 
atoms  grouped  together  to  form  a  molecule.  Every  atom  is 
held  apart  from  its  neighbors  by  a  force  of  repulsion ;  why, 
then,  do  not  the  mutually  repellent  members  of  this  group 
part  company  ?  The  molecules  do  separate  from  each  other 
when  the  external  pressure  is  lessened  or  removed,  but  the 
atoms  do  not.  The  reascm  of  this  stability  is,  that  Iwo  forces, 
the  one  attractive  and  the  other  repulsive,  are  in  operation  be- 
tween every  two  atoms ;  and  the  position  of  every  atom — ^its 
distance  from  its  fellows — is  determined  by  the  equilibration 
of  these  two  forces.  If  the  atoms  come  too  near,  repulsion 
predominates  and  drives  them  apart;  if  too  distant^  attraction 
predominates  and  draws  them  together.  The  point  at  which 
attraction  and  repulsion  are  equal  to  each  other  is  the  atom's 
position  of  equilibrium.  If  not  absolutely  cold — and  there  is 
no  such  thing  as  absolute  coldness  in  our  comer  of  Nature — 
the  atoms  are  always  in  a  state  of  vibration,  their  vibrations 
being  executed  to  and  fro  across  their  positions  of  equilibrium, 
(733)  Into  a  vapor  thus  constituted,  we  have  now  to  pour 
a  beam  of  light  But  what,  in  the  first  instance,  is  a  beam  of 
light  ?  You  know  it  is  a  train  of  innumerable  waves,  excited 
in,  and  propagated  through,  an  almost  infinitely-attenuated 
and  clastic  medium,  which  fills  all  space,  and  which  we  name 
the  Ether.  You  know  that  these  waves  of  light  are  not  all 
of  the  same  size ;  that  some  of  them  are  much  longer  and 
higher  than  others ;  that  the  short  waves  and  the  long  ones 
move  with  the  same  rapidity  through  space,  just  as  short  and 
long  waves  of  sound  travel  with  the  same  rapidity  through  the 
air,  and  that  hence  the  shorter  waves  must  follow  each  other 
in  quicker  succession  than  the  longer  ones.  You  know  that 
the  different  rapidities  with  which  the  waves  of  light  impinge 
upon  the  retina,  or  optic  nerve,  give  rise  in  consciousness  to 
differences  of  color;  that  there  are,  however,  numberless 
waves  emitted  by  the  sun  and  other  luminous  bodies  which 
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reach  the  retina,  but  which  are  incompetent  to  excite  the  sen- 
sation of  light ;  that,  if  the  lengths  of  the  waves  exceed  a  cer- 
tain limit,  or  if  they  £Edl  short  of  a  certain  other  limit,  they 
cannot  generate  vision.  And,  it  is  to  be  particularly  borne  in 
mind,  that  the  capacity  to  produce  iighi  does  not  depend  so 
much  on  the  strength  of  the  waves,  as  on  their  periods  of  re- 
currenee* 

(734)  The  elements  of  all  the  concepticms  with  which  wc 
shall  have  subsequently  to  deal  are  now  in  your  possession. 
And  you  will  observe  that,  though  we  are  speaking  of  things 
which  lie  entirely  beyond  the  range  of  the  senses,  the  concep- 
tions are  as  truly  mechanical  as  they  would  be  if  we  were 
dealing  with  ordinary  masses  of  matter,  and  with  waves  of 
sensible  magnitude.  I  do  not  think  that  any  really  scientific 
mind  at  the  present  day  will  be  disposed  to  draw  a  substantial 
distinction  between  chemical  and  mechanical  phenomena. 
Fhey  differ  from  each  other  as  regards  the  magnitude  of  the 
masses  involved ;  but  in  this  sense  the  phenomena  of  astron- 
omy differ,  abo,  from  those  of  ordinary  mechanics.  The  main 
bent  of  the  natural  philosophy  of  a  future  age  will  probably 
be  to  chasten  .into  order,  by  subjecting  it  to  mechanical  laws, 
the  existing  chaos  of  chemical  phenomena. 

(735)  Whether  we  see  rightly  or  wrongly — whether  our 
notions  be  real  or  imaginary — it  is  of  the  utmost  importance 
in  science  to  aim  at  perfect  clearness  in  the  description  of  all 
that  comes,  or  seems  to  come,  within  the  range  of  the  intel- 
lect. For,  if  we  are  right,  clearness  of  utterance  forwards 
the  cause  of  right;  while,  if  we  are  wrong,  it  insures  the 
speedy  correction  of  error.  In  this  spirit,  and  with  the  deter- 
mination at  all  events  to  speak  plainly,  let  us  deal  with  our 
conceptions  of  ether  waves  and  molecules.  Supposing  a  wave, 
or  a  train  of  waves,  to  impinge  upon  a  molecule  so  as  to  urge 
all  its  parts  with  the  same  motion,  the  molecule  would  move 
bodily  as  a  whole,  but,  because  they  are  animated  by  a  comr 
mon  motion^  there  would  be  no  tendency  to  its  constituent 
atoms  to  separate  from  each  other.     Differential  motions 
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among  the  atoms  themselves  would  be  necessary  to  effect  a 
separation,  and,  if  such  motions  be  not  introduced  by  the 
shock  of  the  waves,  there  is  no  mechanical  ground  for  the  de- 
composition of  the  molecule. 

(736)  It  is,  however,  difficult  to  conceive  the  shock  of  a 
wave,  or  a  train  of  waves,  so  distributed  among  the  atoms  as 
to  cause  no  strain  among  them.  For  atoms  are  of  different 
weights,  probably  of  different  sizes ;  at  all  events  it  is  almost 
certain  that  the  ratio  of  the  mass  of  the  atom  to  the  sur&ce  it 
presents  to  the  action  of  the  ether-waves  is  different  in  diffe^ 
ent  cases.  If  this  be  so,  and  I  think  the  probabilities  are  im- 
mensely in  favor  of  its  being  so,  then  every  wave  which  passes 
over  a  molecule  tends  to  decompose  it — ^tends  to  carry  away 
from  their  weightier  and  more  sluggish  companions  those 
atoms  which,  in  relation  to  their  mass,  present  the  largest  re- 
sisting surfaces  to  the  motion  of  the  waves.  The  case  may  be 
illustrated  by  reference  to  a  man  standing  on  the  deck  of  a 
ship.  As  long  as  both  of  them  share  equally  the  motions  of 
the  wind  or  of  the  sea,  there  is  no  tendency  to  separation.  In 
chemical  language,  they  are  in  a  state  of  combination.  But  a 
wave  passing  over  it  finds  the  ship  less  rapid  in  yielding  to  its 
motion  than  the  man ;  the  man  is  consequently  carried  away, 
and  we  have  what  may  be  roughly  regarded  as  decomposition. 

(737)  Thus  the  conception  of  the  decomposition  of  com- 
pound molecules  by  the  waves  of  ether  comes  to  us  recom- 
mended by  a  priori  probability.  But  a  closer  examination  of 
the  question  compels  us  to  supplement,  if  not  materially  to 
qualify,  this  conception.  It  is  a  most  remarkable  fact  that  the 
waves  which  have  thus  far  been  most  effectual  in  shaking 
asunder  the  atoms  of  compound  molecules  are  those  of  least 
mechanical  power.  BVlovoB^  to  use  a  strong  comparison,  are* 
incompetent  to  produce  effects  which  are  readily  produced  by 
ripples.  It  is,  for  example,  the  violet  and  ultra-violet  rays  of 
the  sun  that  are  most  effectual  in  producing  these' chemical 
decompositions;  and,  compared  with  the  red  and  ultra-red 
solar  rays,  the  energy  of  these  "  chemical  rays  "  is  infinitesimaL 


CUEMICAL  ACTION  OF  SHORT  WAVES.  475 

This  energy  would  probably  in  some  cases  have  been  multi- 
plied by  millions  to  bring  it  up  to  that  of  the  ultra-red  rays ; 
and  still  the  latter  are  powerless  where  the  smaller  waves  are 
potent.  We  here  observe  a  remarkable  similarity  between 
the  behavior  of  chemical  molecules  and  that  of  the  human 
retina. 

(738)  Whence,  then,  the  power  of  these  smaller  waves  to 
unlock  the  bonds  of  chemical  union  ?  If  it  be  not  a  result  of 
their  strength,  it  must  be,  as  in  the  case  of  vision,  a  result 
of  their  periods  of  recurrence.  But  how  are  we  to  figure  this 
action  ?  I  should  say  thus :  the  shock  of  a  single  wave  pro- 
duces no  more  than  an  infinitesimal  effect  upon  an  atom  or  a 
molecule.  To  produce  a  larger  effect,  the  motion  must  (zccu- 
fniilatey  and,  for  wave-impulses  to  accumulate,  they  must  ar- 
rive in  periods  identical  with  the  periods  of  vibration  of  the 
atoms  on  which  they  impinge.  In  this  case  each  successive 
wave  finds  the  atom  in  a  position  which  enables  that  wave  to 
add  its  shock  to  the  sum  of  the  shocks  of  its  predecessors. 
The  effect  is  mechanically  the  same  as  that  due  to  the  timed 
impulses  of  a  boy  upon  a  swing.  The  single  tick  of  a  clock 
has  no  appreciable  effect  upon  the  imvibrating  and  equally  long 
pendulum  of  a  distant  clock ;  but  a  succession  of  ticks,  each 
of  which  adds,  at  the  proper  moment,  its  infinitesimal  push  to 
the  sum  of  the  pushes  preceding  it,  will,  as  a  matter  of  fact, 
set  the  second  dock  going.  So  likewise  a  single  puff  of  uir 
against  the  prong  of  a  heavy  tuning-fork  produces  no  sensible 
motion,  and,  consequently,  no  audible  sound ;  but  a  succession 
of  puffs,  which  follow  each  other  in  periods  identical  with  the 
tuning-fork's  period  of  vibration,  will  render  the  fork  sonorous. 
I  think  the  chemical  action  of  light  is  to  be  regarded  in  this 
way.  Fact  and  reason  point  to  the  conclusion  that  it  is  the 
heaping  up  of  motion  on  the  atoms,  in  consequence  of  their 
synchronism  with  the  shorter  waves,  that  causes  them  to  part 
company.  This  I  take  to  be  the  mechanical  cause  of  these  de- 
oompositions  which  are  effected  by  the  waves  of  ether. 

(739)  And  now  let  us  return  to  that  faint  cloudiness,  al- 
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^TBUT  umBiri&ed.  fron  vhidu  aft  fincm  a  germ,  tiiese  considen- 
:i>u»  tn%i  jmccjatiofis  hare  sprano'.  Is  ba«  been  loog  known 
ttu  uric  f^fisTted  tiie  decompoMtiiia  ot  a  cextain  number  of 
VAit^  rW  tnospaxent  iodiiie  ^x  esSnrL  or  of  methjl,  for 
-AsciDHs.  muuufc*  bit>wii  ami  opaqoe  oa  eipoMire  to  ligfat, 
&xn-.uri  TMs  aac^arz^  of  xb  5^«2ii*s.  Tbe  arc  of  piMjtographj 
1  9VBUM  BK  1^  :mm:cml  tcoaurn  oc  iigos ;  «o  that  it  is  well 
^.•wn  11^  tas  -fJM*  xr  wiudi  sae  ixcnn^  ^eofetic  con- 
>»«'snaiLam  wiuui  nre  prefiared  okare  aoc  onij- probablci but 
AiCxaA. 

"'H'l    3%3  iitf  iisfcic«L  30W  a>  be  employed,  and  which 
vfR^scfr   -^ssn^  n   'ifisnijc  ae  c^iptfrt  of  vo^aaie  subatances 
:    CK  m-rn"?  d  i:rn«  '^rsoics  -»  aoc  imlY  ^  preaent  such  ex- 
^'-rsr'sis-  n  I  mucfm  imn.  bos  aisu  »  zive  a  vast  exten- 
•«.  -z  I   iw  vmsRtfunm  tf  iirn;.  nr  msmnr  at  saifiant  fixce,  as  a 
rTTi;.-«fc    ur-TTw     j:  !-«*•   tiiuiu**  »  "U  Tninuw*  ci  our  labora- 
I  -p,^  nTH'n:*  *rij"h  hav-  }»e«j  iiEiifjnj  itfra.Tmed  c-nlv  in  the 
ii^r-isjTT  'C  \atun%     The  8ubcnuiL-!»  3i:w  tt?  be  examined 
irt  V  '.»xiftitut/*'J  that  wh#rn  their  ni:ii*!:Tut»  jn»  brcken  brthe 
-r^r^  r«f  JJc-ht,  th';  ncwjy-formed    :i.»drf*  jt^  ccmporativelj 
I ;.  r^i/'Tf «//.     To  keep  thorn  in  the  gmsf^^a^  i:ni  diese  products 
re  6*<yrjmpfjsiUfjn  re^^uire  a  greater  heat  tka  i»  K«|axT«d  b?  the 
r»j^«r»  frcmi  which  thfy  arc  derived;  aad  ikK^^e.  if  the  space 
in  which  these  new  Uxlies  are  liberated  be  «  ;ie  proper  tem- 
perature, tber  will  not  remain  in  the  vaponxis  oTodition,  but 
wUl  be  precipitated  as  clouds  upon  the  beam  to  tbe  action  of 
which  thcv  owe  their  existence. 

(741 »  I  hold  in  mv  hand  a  little  flask,  F  (fig.  109),  stopped 

bj  a  crdk,  piereed  in  two  places.     Through  one  orifice  passes 

a  narrriw  glass  tube,  a,  which  terminates  inmiediatelr  under 

tht«  o>rk:  through  the  other  orifice  passes  a  similar  tube,  ^ 

descend inff  to  the  bottom  of  the  little  flask,  which  is  filled 

to  a  height  of  about  an  inch  with  a  transparent  liquid.    Tbe 

"^■ne  of  this  liquid  is  nitrite   of  amt/lj  in  every  molecule  of 

b  we  have  5  atoms  of  carbon,  11  of  hydrogen,  1  of  nitro- 

•ad  2  of  oxygen.     Upon  this  group  of  atoms  the  waves 
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ot  onr  electric  light  will  be  immediately  let  loose.   Our  expeii- 
menta]  tube  is  here  oonnected  witli  _    __ 

the  smaU  flask  r,  a  Btop-oock,  how- 
ever, inten'ening  between  them,  b; 
means  of  which  the  passage  between 
the  flask  and  the  experimental  tube 
can  be  opened  or  closed  at  pleasure. 
The  other  tube,  passing  throng  the 
cork  of  the  flask  and  descending  into 
Ihe  liquid,  is  oonnected  with  a  U- 
shaped  vessel,  filled  with  fragments 
of  dean  glass,  covered  with  sulphu- 
ric acid.  In  front  of  the  U-shaped 
vessel  is  a  narrow  tube  stuffed  with 
cotton-wool.  At  the  other  end  of 
the  eii^erimental  tube  is  our  eleotrio 
lamp;  and  here,  finally,  is  an  air- 
pump,  by  means  of  which  the  tube 
has  been  exhausted.  We  are  now 
ready  for  experiment, 

(742)  Opening  the  cock  cautious- 
ly, the  air  of  the  room  passes,  in  the 
first  place,  through  the  ootton-wool, 
which  holds  back  the  numberless  or- 
ganic genns  and  dust-particles  float- 
ing in  the  atmosphere.  The  air,  thus  cleansed,  passes  into  the 
U-shaped  vessel,  where  it  is  dried  by  the  sulphurlo  acid.  It 
then  descends  thrpugh  the  narrow  tube  to  the  bottom  of  the 
little  flask,  and  escapes  there  through  a  small  orifice  into  the 
liquid,  llirougfa  this  it  bubbles,  loading  itself  to  some  extent 
with  the  nitrite  of  amyl  vapor,  and  then  the  air  and  vapor  en- 
ter the  experimental  tube  together. 

(743)  We  will  now  permitthe  eleotrio  beam  to  play  upon 
this  invisible  vapor.  The  lens  of  the  lamp  is  bo  situated  as  to 
render  the  beam  convergent,  the  focus  being  formefl  near  the 
middle  of  the  tube.     You  will  notice  that  the  space  rem.iiiis 
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dark  fcur  a  moment  after  the  turning  on  of  the  beam ;  but  the 
chemical  action  vrill  be  so  rapid  that  attention  is  requisite  to 
mark  this  interval  of  darkness.  I  ignite  the  lamp ;  the  tube 
for  a  moment  seems  empty ;  but  a  luminous  white  cloud  im- 
mediately fills  the  beanL  It  has,  in  fact,  shaken  asunder  the 
molecules  of  the  nitrite  of  amyl,  and  brought  down  upon  itself 
a  shower  of  particles  which  cause  it  to  flash  forth  in  your 
presence  like  a  solid  luminous  spear.  This  experiment,  m<»e- 
over,  illustrates  in  fact  that,  however  intense  a  beam  of  light 
may  be,  it  remains  invisible  unless  it  has  something  to  shine 
upon.  Space^  though  traversed  by  the  rays  from  all  suns  and 
all  stars,  is  itself  unseen.  Not  even  the  ether  which  fills 
space,  and  whose  motions  are  the  light  of  the  universe,  is  it- 
self visible. 

(744)  You  notice  that  the  end  of  the  experimental  tube 
most  distant  from  the  lamp  is  free  from  cloud.     Now  the 
nitrite  of  amyl  vapor  is  there  also,  but  it  is  unaffected  by  the 
]x)\verfiil  beam  passing  through  it.     Let  us  concentrate  the 
transiiiitttHl  beam  by  receiving  it  on  a  concave  silver  mirror, 
and  cause  it  to  return  into  the  tube.     It  is  still  powerless. 
Though  a  cone  of  light  of  extraordinary  intensity  now  traverses 
the  vapor,  no  precipitation  occurs,  no  trace  of  cloud  is  formed. 
Why  ?   Decause  the  very  small  portion  of  the  beam  competent 
to  decompose  the  vapor  is  quite  exhausted  by  its  work  in  the 
frontal  portions  of  the  tube.     The  great  body  of  the  light  which 
remains,  after  this  sifting  out  of  the  few  effectual  rays,  has  no 
power  over  the  molecules  of  nitrite  of  amyl.     We  have  here, 
strikingly  illustrated,  what  has  been  already  stated  regarding 
the  influence  of  period^  as  contrasted  with  that  of  strength. 
For  the  portion  of  the  beam  which  is  here  ineffectual  has  prob- 
ably more  than  a  million  times  the  absolute  energy  of   the 
effectual  portion.     It  is  energy  specially  related  to  the  atoms 
that  we  here  need,  which  specially  related  energy  being  pos- 
sessed by  the  feeble  waves,  invests  them  with  their  extraordi- 
nary power.    When  the  experimental  tube  is  reversed  so  as  to 
bring  the  undecomposed  vapor  under  the  action  of  the  wi- 
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nft&I  beam,  you  hare  instantly  this  fine  luminous  doud  pre- 
cipitated. 

(745)  The  light  of  the  sun  also  afifects  the  decomposition 
of  the  nitrite  of  amjl  vapor.  In  the  track  of  a  sunbeam  I 
placed  a  large  plano-convex  lens,  which  formed  a  fine  con- 
vergent cone  in  the  dust  of  the  room  behind  it.  On  thrusting 
one  end  of  the  tube  into  the  light  behind  the  lens,  precipita- 
tion within  the  cone  was  copious  and  immediate.  Here  also 
the  vapor  at  the  distant  end  of  the  tube  was  shielded  by  that 
in  front;  but,  on  reversing  the  tube,  a  second  and  similar 
doud-oone  was  precipitated. 

(746)  And  here  I  would  ask  you  to  make  familiar  to  your 
minds  the  idea  that  no  chemical  action  can  be  produced  by  a 
ray  that  does  not  involve  the  destruction  of  the  ray.  But, 
abandoning  the  term  ray  as  loose  and  indefinite,  let  us  fix  our 
thoughts  upon  the  waves  of  light.  We  have  to  render  clear 
to  our  minds  that  those  waves  which  produce  chemical  action 
do  so  by  delivering  up  their  own  motion  to  the  molecules 
which  they  decompose.  We  have  here  forestalled  to  some 
extent  a  question  of  great  importance  in  molecular  physics, 
which,  however,  is  worthy  of  being  further  dwelt  upon ;  it  is 
this :  When  the  waves  of  ether  arc  intercepted  by  a  compound 
vapor,  is  the  motion  of  the  waves  transferred  to  the  molecules 
of  the  vapor,  or  to  the  atoms  of  the  molecules  ?  We  have  thus 
far  leaned  to  the  conclusion  that  the  motion  is  communicated 
to  the  atoms ;  for  if  not  to  these  individually,  why  should  they 
be  shaken  asunder?  The  question,  however,  is  capable  of, 
and  is  worthy  of,  another  test,  the  bearing  and  significance  of 
which  you  will  immediately  appreciate. 

(747)  As  already  explained,  the  molecules  are  held  in 
their  positions  of  equilibrium  by  their  mutual  repulsion  on  the 
one  side,  and  by  an  external,  pressure  on  the  other.  Like  a 
stretched  string,  their  rate  of  vibration,  if  they  vibrate  at  all, 
must  depend  upon  the  elastic  force  existing  between  them. 
If  this  be  changed,  the  rate  of  vibration  must  change  along 
with  it ;  and  after  the  change  the  molecules  could  no  longer 
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absorb  the  waves  which  they  absorbed  prior  to  the  change. 
Now  the  elastic  force  between  molecule  and  molecule  is  utter- 
ly altered  when  a  vapor  passes  to  the  liquid  state.  Hence,  if 
the  liquid  absorbs  waves  of  the  same  period  as  its  vapor,  it  is 
a  proof  that  the  absorption  is  not  effected  by  the  molecules. 
Let  us  be  perfectly  clear  on  this  important  point.  Waves  are 
absorbed  whose  vibrations  synchronize  with  those  of  the  mole- 
cules or  atoms  on  which  they  impinge — a  princq>le  which  is 
sometimes  expressed  by  saying  that  bodies  radiate  and  absorb 
the  same  rays.  This  great  law,  as  you  know,  is  the  foundation 
of  spectrum-analysis ;  it  enabled  Kirchhoff^  to  explain  the  lines 
of  Frauenbofer,  and  to  determine  the  chemical  composition  of 
the  atmosphere  of  the  sun.  If^  then,  after  the  passage  of  a 
vapor  to  the  liquid  state,  the  same  waves  be  absorbed  as  were 
absorbed  prior  to  the  passage,  it  is  a  proof  that  the  molecules, 
which  must  have  utterly  changed  th^ir  periods,  cannot  be  the 
scat  of  the  absorption ;  and  we  are  driven  to  conclude  that  it 
is  to  the  atomSy  whose  rates  of  vibration  are  unchanged  by  the 
change  of  aggregation,  that  the  wave-motion  is  transferred. 
If  experiment  should  prove  this  identity  of  action  on  the  part 
of  a  vapor  and  its  liquid,  it  would  establish  in  a  new  and 
striking  manner  the  conclusion  to  which  we  have  previously 
leaned. 

(748)  We  will  now  resort  to  the  experimental  test.     In 
front  of  the  experimental  tube,  which  contains  a  quantity  of 
the  nitrite  of  amyl  vapor,  is  placed  a  glass  cell  a  quarter  of  an 
inch  in  thickness,  filled  with  the  liquid  nitrite  of  aniyL    I  send 
the  electric  beam  first  through  the  liquid  and  then  through  its 
vapor.     The  luminous  power  of  this  beam  is  very  great,  but  it 
can   make  no  impression  upon   the  vapor.     The   liquid   has 
robl>ed  it  completely  of  its  effective  waves.     On  the  removal 
of  the  liquid,  chemical  action  immediately  commences,  and,  in 
a  moment,  we  have  the  apparently  empty  tube  filled  with  this 
bripht  cloud,  precipitated   by  one  portion  of  the  beam,  and 
ilhiniinnted  by  another.     I  reintroduce  the  liquid  :  the  chemi- 
cal action  instantly  ceases.     I  again  remove  it,  and  the  action 
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oommences  onoe  more.    Thus  we  uncover  in  part  the  secrets 
of  this  world  of  molecules  and  atoms. 

(749)  Instead  of  employing  air  as  the  vehicle  by  which  the 
vapor  is  carried  into  the  experimental  tube,  we  may  employ 
oxygen,  hydrogen,  or  nitrogen,  and,  besides  the  nitrite  of 
amyl,  a  great  number  of  other  substances  might  be  employed, 
which,  like  the  nitrite,  have  been  hitherto  not  known  to  be 
chemically  susceptible  to  light.  One  point  in  addition  I  wish 
to  illustrate,  chiefly  because  the  effect  is  similar  in  kind  to  one 
of  great  importance  in  Nature.  In  our  atmosphere,  you  know, 
floats  carbonic-acid  gas,  which  fiumishes  food  to  the  vegetable 
world.  But  this  food  could  not  be  consumed  by  plants  and 
vegetables  without  the  intervention  of  the  sim's  rays.  And 
yet,  as  fjEur  as  we  know,  these  mys  are  powerless  upon  the  free 
carbonic  acid  of  our  atmosphere.  The  sun  can  only  decom- 
pose the  gas  when  it  is  drunk  in  by  the  leaves  of  plants.  In 
the  leaves  it  is  in  close  proximity  with  substances  ready  to 
take  "advantage  of  the  loosening  of  its  molecules  by  the  waves 
of  light.  Incipient  disunion  being  thus  introduced,  the  carbon 
of  the  gas  is  seized  upon  by  the  leaf  and  appropriated,  while 
the  oxygen  is  discharged  into  the  atmosphere. 

(750)  The  experimental  tube  now  before  you  contains  a 
different  vapor  from  that  which  we  have  hitherto  employed. 
It  is  called  the  nitrite  of  butyl.*  On  sending  the  electric 
beam  through  the  tube,  the  chemical  action  is  scarcely  sensi- 
ble. I  add  to  the  vapor  a  quantity  of  air  which  has  been  per- 
mitted to  bubble  through  hydrochloric  acid.  When  the  beam 
is  now  turned  on,  so  rapid  is  the  action  and  so  dense  the  cloud 
precipitated,  that  you  could  hardly  by  an  effort  of  attention 
observe  the  dark  interval  which  preceded  the  precipitation. 
This  enormous  augmentation  of  the  action  is  due  to  the  pres- 
ence of  the  hydrochloric  acid.  Like  the  chlorophyl  and  car- 
bonic acid  in  the  leaves  of  plants,  the  two  substances  interact 
under  the  influence  of  the  waves  of  the  electric  light. 

*  I  have  to  thank  Mr.  Ernest  Chapman  for  a  portion  of  tliis  precious  pu}>- 

MtanPM. 


NATURAL  AND  ARTIFICIAL  SKT.  483 

theatre  with  light.  During  the  growth  of  the  particles  the 
most  splendid  iridescences  are  often  exhibited.  Such  I  have 
sometimes  seen  with  delight  and  wonder  in  the  atmosphere  of 
the  Alps,  but  never  any  thing  so  gorgeous  as  those  which  our 
laboratory  experiments  reveaL  It  is  not,  however,  with  the 
iridescences,  however  beautiful  they  may  be,  that  we  have 
now  to  occupy  our  thoughts,  but  with  other  effects  which  bear 
upon  the  two  great  standing  enigmas  of  meteorology — the 
color  of  the  sky  and  the  polarization  of  its  light. 

(75da)  First,  then,  with  regard  to  the  sky;  how  is  it  pro- 
duced, and  can  we  not  reproduce  it  ?  Its  color  has  not  the 
same  origin  as  that  of  ordinary  coloring-matter,  in  which  cer- 
tam  portions  of  the  white  solar  light  are  extinguished,  the 
color  of  the  matter  being  that  of  the  portion  of  light  which 
remains.  A  violet  is  blue  because  its  molecular  texture  ena- 
bles it  to  quench  the  yellow  and  red  constituents  of  white 
light,  and  to  allow  the  blue  free  transmission.  A  geranium  is 
red  because  its  molecular  texture  is  such  as  quenches  all  rays 
except  the  red.  Such  colors  are  called  colors  of  absorption ; 
but  the  hue  of  the  sky  is  not  of  this  character.  The  blue  light 
of  the  sky  is  reflected  light,  and,  were  there  nothing  in  our 
atmosphere  competent  to  reflect  the  solar  rays,  we  should  see 
no  blue  firmament,  but  should  look  into  the  darkness  of  infinite 
space.  The  reflection  of  the  blue  is  effected  by  perfectly  col- 
orless particles.  Sraallness  of  size  alone  is  requisite  to  insure 
the  selection  and  reflection  of  this  color.  Of  all  the  visual 
waves  emitted  by  the  sun,  the  shortest  and  smallest  are  those 
which  correspond  to  the  cdlor  blue.  On  such  waves  small 
particles  have  more  power  than  upon  large  ones,  hence  the 
predominance  of  blue  color  in  all  light  reflected  from  exceed- 
ingly small  particles.  The  crimson  glow  of  the  evening  and 
the  morning,  seen  so  finely  in  the  Alps,  is  due,  on  the  other 
hand,  to  transmitted  light ;  that  is  to  say,  to  light  which  in 
its  passage  through  great  atmospheric  distances  has  its  blue 
constituents  sifted  out  of  it  by  repeated  reflection. 

(754)  It  is  possible,  as  stated,  by  duly  regulating  the 
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its  two^ndednesSj  both  ends,  or  poles,  acting  in  opposite  ways. 
Polar  forces,  as  most  of  you  knovy,  are  those  in  which  the  du- 
ality of  attraction  and  repulsion  is  manifested.  And  a  kind  of 
two-^idediiess — ^noticed  by  Huyghens,  commented  on  by  New- 
ton, and  discovered  by  a  French  philosopher,  named  Malus,  in 
a  beam  of  light  which  had  been  reflected  from  one  of  the  win- 
dows of  the  Luxembourg  Palace  in  Paris — ^receives  the  name 
of  polarization.  We  must  now,  however,  attach  a  distinct^ 
ness  to  the  idea  of  a  polarized  beam,  which  its  discoverers 
were  not  able  to  affix  to  it.  For,  in  their  day,  men's  thoughts 
were  not  sufficiently  ripe,  nor  optical  theory  sufficiently  ad- 
vanced, to  seize  upon  or  express  the  physical  meaning  of  po- 
larization. When  a  g^  is  fired,  the  explosion  is  propagated 
as  a  wave  through  the  air.  The  shells  of  air,  if  J  may  use  the 
term,  surrounding  the  centre  of  concussion,  are  successively 
thrown  into  motion,  each  shell  yielding  up  its  motion  to  that 
in  advance  of  it,  and  returning  to  its  position  of  equilibrium. 
Thus,  while  the  wave  travels  through  long  distances,  each  in- 
dividual particle  of  air  concerned  in  its  transmission  performs 
merely  a  sm,all  excursion  to  and  fro.*  In  the  case  of  sound, 
the  vibrations  of  the  air-particles  are  executed  in  the  direction 
in  which  the  sound  travels.  They  are,  therefore,  called  longU 
tudincU  vibrations.  In  the  case  of  light,  on  the  contrary,  the 
vibrations  are  transversal;  that  is,  say,  the  individual  parti- 
cles of  ether  move  to  and  fro  across  the  direction  in  which  the 
light  is  propagated.  In  this  respect  waves  of  light  resemble 
ordinary  water-waves  more  than  waves  of  sound.  In  the  case 
of  an  ordinary  beam  of*light,  the  vibrations  of  the  ether-par- 
ticles are  executed  in  every  direction  perpendicular  to  it ;  but 
let  the  beam  impinge  obliquely  upon  a  plane  glass  surface,  as 
in  the  case  of  Malus,  the  portion  reflected  vnll  no  longer  have 
its  particles  vibrating  in  all  directions  round  it.  By  the  act 
of  reflection,  if  it  occur  at  the  proper  angle^  the  vibrations 
are  all  confined  to  a  single  plane,  and  light  thus  circumstanced 
ifl  called  plane  polarized  light. 

*  "LeotureB  on  Sound,"  p.  8.    (LongmaiiB.) 
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1 75^)  A  beam  of  ligbt  pASsing-  throu^  ordinaiy  glass  ex- 
evnxtes  its  rifaniioos  wiihiD  the  substance  exactly  as  it  would 
do  in  air.  or  in  etber-fiUed  space.  Not  so  when  it  passes 
thnxs^  xjLnj  transparent  crystals.  For  these  also  have  their 
tvcskiedDess^  the  arrangeiDent  of  their  particles  being  such 
as  u>  tolefate  Tibratioos  only  in  certain  definite  dircctioDs. 
Tbeff^  is  the  weU-known  crystal  tourmaline,  which  shows  a 
marked  bc^tility  to  aD  vibratioos  executed  at  right  angles  to 
the  axis  oc  the  crystaL  It  speedily  extingoishes  such  vibra- 
tk«xs«  while  those  executed  parallel  to  the  axis  are  freely  prop- 
j^ted.  The  consequence  is,  that  a  beam  of  light,  after  it  has 
pa5s$ed  through  any  thickness  of  this  crystal,  emerges  from  it 
fvjuiaed.  S^  also  as  regards  the  beautiful  crystal  known  as 
L^lAnd  5par«  or  as  double^r«>tecting  spar.  In  one  direction, 
but  in  ooe  only,  this  crystal  shows  the  neutrality  of  glass ;  in 
all  v>ther  directions  it  splits  the  beam  of  light  passing  through 
:;  :-:o  two  disticot  halvt-s,  Ix^th  of  which  arc  perfectly  polar- 
ijwi,  thvir  rihrativHis  beln^  executed  in  two  planes,  at  right 
ArLcIe*  to  each  other. 

^T^T  i  I;  is  p.>ssilue  by  a  suitable  contrivance  to  get  rid  of 
oQO  of  the  two  fx^Iarired  beams  into  which  Iceland  spar  dindcs 
An  oc\:iaanr  bvani  of  light.  This  was  done  so  ingeniously  and 
c5evM:Tely  by  a  man  named  Xicol,  that  the  spar,  cut  in  his 
f:isL:on,  is  ik»w  uniYcrsally  known  as  Nicolas  prism*  Such  a 
(Yisi::  o;in  pv^Iariie  a  beam  of  light,  and  if  the  beam,  before  it 
im[u:.i:^s  on  the  prism,  be  already  polarized,  in  one  position  of 
the  rrism  it  is  stopped,  while  in  another  position  it  is  trans- 
ni;:tc\L  The  same  is  true  of  radiant  heat.  Our  way  is  now, 
to  s^Mue  extent,  cieared.  Looking  at  Tarious  points  of  the 
Ku?^  ^rtuament  through  a  XicoFs  prism,  and  turning  the  prism 
rkxiri  it*  axis«  we  soon  notice  variations  of  the  brightness  of 
tho  s-ky.  In  certain  positions  of  the  spar,  and  from  certain 
fv.ut*  of  the  £rman>.ent^  the  light  appears  to  be  freely  trans- 
mit t<\l  ;  while,  Kv^kin^  at  the  same  points,  it  is  only  necessary 
tv»  turn  the  prism  iwind  its  axis  through  an  angle  of  ninety 
de^;nr\x^  to  materially  diminish  the  intensity  of  the  li^ht     On 
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close  scrutiny,  it  is  found  that  the  difference  produced  by  the 
rotation  of  the  prism  is  greatest  when  the  sky  is  regarded  in  a 
direction  at  right  angles  to  that  of  the  solar  rays. 

(758)  Experiments  of  this  kind  prove  that  the  blue  light 
sent  to  us  by  the  firmament  is  polarized,  and  that  the  direc- 
tion of  most  perfect  polarization  is  perpendicular  to  the  solar 
rays.  Were  the  heavenly  azure  like  the  ordinary  light  of  the 
sun,  the  turning  of  the  prism  would  have  no  effect  upon  it ;  it 
would  be  transmitted  equally  during  the  entire  rotation  of 
the  prism.  The  light  of  the  sky  is  in  great  part  quenched, 
because  it  is  in  great  part  polarized. 

(759)  YiHien  a  luminous  beam  impinges  at  the  proper  angle 
on  a  plane  glass  surface,  it  is  polarized  by  reflection.  It  is  po- 
larized, in  part,  by  all  oblique  reflections ;  but  at  one  particular 
angle  the  reflected  light  is  perfectly  polarized.  An  exceed- 
ingly beautiful  and  simple  law,  discovered  by  Sir  David  Brew- 
ster, enables  us  readily  to  find  the  polarizing  angle  of  any  sub- 
stance whose  refractive  index  is  known.  This  law  was  dis- 
covered experimentally  by  Brewster  {  but  the  Wave  Theory 
of  light  renders  a  complete  reason  for  the  law.  A  geometrical 
image  of  it  is  thus  given :  When  a  beam  of  light  impinges 
obliquely  upon  a  plate  of  glass,  it  is  in  part  reflected  and  in 
part  refracted.  At  one  particular  incidence  the  reflected  and 
the  refiracted  portions  of  the  beam  are  at  right  angles  to  each 
other.  The  angle  of  incidence  is  tfien  the  polarizing  angle. 
It  varies  with  the  refractive  index  of  the  substance ;  being  for 
water  52^,  for  glass  57^,  and  for  diamond  68  degrees. 

(760)  And  now  we  are  prepared  to  comprehend  the  diffi- 
culties which  have  beset  the  question  before  us.  It  has  been 
already  stated  that,  in  order  to  obtain  the  most  perfect  polari- 
zation of  the  firmamental  light,  the  sky  must  be  regarded  in  a 
direction  at  right  angles  to  the  solar  beams.  This  is  some- 
times expressed  by  saying  that  the  place  of  maximum  polari- 
zation is  at  an  angular  distance  of  90^  from  the  sun.  This 
angle,  enclosed  as  it  is  between  the  direct  and  reflected  rays, 
comprises  both  the  angles  of  incidence  and  reflection.     Hence 
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the  angle  of  incidence,  which  coiresponds  to  the  nugdraiiBi 
polarization  of  the  sky,  is  half  of  9^,  or  45°.  This  is  the 
atmospheric  polarizing  angle^  and  the  questiim  iS|  Wh^ 
known  substance  possesses  an  index  of  reficaotion  to  corre- 
spond with  this  polarizing  angle  ?  If  we  knew  this  sabstance, 
we  might  be  tempted  to  conclude  that  partides  of  it^  scat- 
tered in  the  atmosphere,  produce  the  polarisation  of  the  sl^. 
^  Were  the  angle  of  maximum  polarization,''  sajs  Sir  John 
Hcrschel,  ^  TG""  (instead  of  W%  we  should  look  to  VKJOer^  or 
ke,  as  the  reflecting  body,  however  inconceivable  the  exist- 
ence in  a  cloudless  atmosphere,  and  a  hot  summer-day,  of  une- 
Taporated  particles  of  water.''  But  a  polarizing  angle  of  45^ 
oorresponds  to  a  refractive  index  of  1 ;  this  means  that  there 
IS  no  refraction  at  all,  in  which  case  we  ought  to  have  no  re- 
flection. To  satisfy  the  law  of  Brewst^,  as  Sir  John  Herschel 
remarks,  ^  The  reflection  would  have  to  be  made  in  air  iqinm 
air  I  •  .  .  The  more  the  subject  is  considered,"  adds  the  cele- 
brated philosopher  last  named,  ^  the  more  it  will  be  foimd  be- 
•et  with  difficulties,  and  its  explanation,  when  arrived  at,  will 
probably  be  found  to  carry  with  it  that  of  the  blue  color  of 
the  »kv  itsolt" 

(761)  If  you  doubt  the  wisdom,  acknowledge,  at  all  events, 
the  £uth  in  your  capacity  which  has  caused  me  to  bring  a  sub- 
ject so  entangled  before  you.     I  believe,  however,  that  even 
the  intellect  which  draws  its  strength  and  its  associations  from 
a  totally  different  source,  may  have  its  interest  excited  in  sub- 
jects like  the  present,  dark  and  difficult  though  they  be.     It 
is  not  to  be  expected  that  you  will  all  grasp  the  details  of  this 
discussion ;  but  I  think  that  everybody  present  will  see  the 
extren^ely  important  part  hitherto  played  by  the  law  of  Brew- 
ster in  speculations  as  to  the  color  and  polarization  of  the  sky. 
I  shall  now  seek  to  demonstrate  in  your  presence,  ^rstfy,  and 
in  confirmation  of  our  former  experiments,  that  sky-blue  may 
be  produced  by  exceedingly  minute  particles  of  any  kind  of 
"natter;  secondly j  that  polarization  identical  with  that  of  the 
V  is  produced  by  such  particles ;  and,  thirdly^  that  matter  in 
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this  fine  state  of  division,  where  its  particles  are  probably 
small  in  comparison  with  the  height  and  span  of  a  wave  of 
light,  releases  itself  completely  from  the  law  of  Brewster 
the  direction  of  maximum  polarization  being  absolutely  inde* 
pendent  of  the  polarizing  angle  as  hitherto  defined.  Why 
this  should  be  the  case,  the  wave  theory  of  light,  to  make  it- 
self complete,  will  have  subsequently  to  explain. 

(762)  Into  this  experimental  tube,  in  the  manner  already 
described,  I  introduce  a  new  vapor,  and  add  to  it  air,  which 
has  been  permitted  to  bubble  through  dilute  hydrochloric 
acid.  And  now  I  permit  the  electric  beam  to  play  upon  the 
mixture.  For  some  time  nothing  is  seen.  The  chemical  ac- 
tion is  doubtless  progressing,  and  condensation  going  on ;  but 
the  condensing  molecules  have  not  yet  coalesced  to  particles 
sufficiently  large  to  scatter  sensibly  the  waves  of  light.  As 
before  stated — ^and  the  statement  rests  upon  an  experimental 
basis — ^the  particles  here  generated  are  at  first  so  small  that 
their  diameters  do  not  probably  exceed  a  millionth  of  an  inch ; 
while,  to  form  each  of  these  particles^  whole  crowds  of  mole- 
cules  are  probably  aggregated.  Helped  by  such  considera- 
tions, our  intellectual  vision  plunges  more  profoundly  into 
atomic  Nature,  and  shows  us,  among  other  things,  how  far  we 
are  from  the  realization  of  Newton's  hope,  that  the  molecules 
might  one  day  be  seen  by  microscopes.  While  I  am  speaking, 
you  observe  this  delicate  blue  color  forming  and  strengthening 
within  the  experimental  tube.  No  sky-blue  could  exceed  it  in 
richness  and  purity ;  but  the  particles  which  produce  this  color 
lie  wholly  beyond  our  microscopic  range.  A  uniform  color  is 
here  developed,  which  has  as  little  breach  of  continuity — 
which  yields  as  little  evidence  of  the  individual  particles  con- 
cerned in  its  production,  as  that  yielded  by  a  body  whose  color 
is  due  to  true  molecular  absorption.  This  blue  is  at  first  as 
•ieep  and  dark  as  the  sky  seen  from  the  highest  Alpine  peaks, 
and  for  the  same  reason.  But  it  grows  gradually  brighter, 
still  maintaining  its  blueness,  until  at  length  a  whitish  tinge 
mingles  with  the  pure  azure ;  announcing  that  the  particles 
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are  now  no  longer  of  that  infinitesimal  sise  which  leflecte  the 
shortest  waves  alone.^ 

(763)  The  liquid  here  employed  is  the  iodide  of  a]lj],f  but 
I  might  choose  any  one  of  a  dozen  substances  here  before  me 
to  produce  the  effect  You  have  seen  what  may  be  done  witk 
the  nitrite  of  butyL  With  nitrite  of  amyl,  bisulphide  of  os^ 
bon,  benzole,  benzoic  ether,  etCy  the  same  blue  color  may  be 
produced.  In  all  cases,  where  matter  slowly  passes  from  the 
molecular  to  the  massive  state,  the  transition  is  marked  by 
the  production  of  the  blue.  More  than  this :  you  have  seen 
me  looking  at  the  blue  color  (I  hardly  like  to  call  it  a  Uue 
**  cloud,"  its  texture  and  properties  are  so  different  from  ordir 
nary  clouds)  tibrougfa  this  bit  of  spar.  This  is  a  NicoPs  prism, 
and  I  could  wish  one  of  them  to  be  placed  in  the  hands  of  each 
of  you.  Well,  this  blue  that  I  have  been  looking  at  turns  out 
to  be  a  bit  of  more  perfect  sky  than  the  sky  itself.  Looking 
across  the  illuminating  beam,  as  we  look  acro^  the  solar  rajs 
at  the  sky,  we  obtain  not  only  partial  polarization,  but  per/ed 
polarization.  In  one  position  of  the  Nicol  the  blue  light  seems 
to  pass  unimpeded  to  the  eye ;  in  the  other  it  is  absolutely  cut 
off,  the  experimental  tube  being  reduced  to  optical  emptiness. 
Behind  the  experimental  tube  it  is  well  to  place  a  black  sur- 
&ce,  in  order  to  prevent  foreign  light  from  troubling  the  eye. 
In  one  position  of  the  Nicol  this  black  surface  is  seen  without 
softening  or  quali6cation ;  for  the  particles  within  the  tube 
are  themselves  invisible,  and  the  light  which  they  reflect  is 
quenched.  If  the  light  of  the  sky  were  polarized  with  the 
same  perfection,  on  looking  properly  toward  it  through  a 
Nicol,  we  should  also  meet,  not  the  mild  radiance  of  the  firmar 
ment,  but  the  unillumed  blackness  of  space. 

(764)  The  construction  of  the  Nicol  is  such  that  it  permits 
to  pass  through  it  vibrations  which  are  executed  in  a  certain 

*  Possibly  a  photo^nttphio  imprension  might  be  taken  long  before  the  blue 
becomes  visible,  for  the  ultra-blue  mys  are  first  reflected. 

t  For  which  I  have  to  thank  the  obliging  kindness  of  Dr.  Maxwell  Simp- 
ton. 
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determinate  direction,  and  these  only.  All  vibrations  exe- 
cuted at  right  angles  to  this  direction  are  completely  stopped ; 
while  components  only  of  those  executed  obliquely  to  it  are 
transmitted.  It  is*  easy,  therefore,  to  see  that,  firom  the  posi* 
tion  in  which  the  Nicol  must  be  held  to  transmit  or  to  quench 
the  light  of  our  incipient  doud,  we  can  infer  the  direction  of 
the  vibrations  of  that  light.  You  will  be  able  to  picture  those 
vibrations  without  difficulty.  Suppose  a  line  drawn  from  any 
point  of  the  ^  cloud  "  perpendicular  to  the  illuminating  beam. 
Along  that  line,  the  particles  of  ether  which  carry  the  light 
firom  the  cloud  to  the  eye  vibrate  in  a  direction  perpendicu- 
lar both  to  the  line  and  to  the  beam.  And  if  any  number  of 
lines  be  drawn  in  the  same  way  from  the  cloud,  like  the  spokes 
of  a  wheel,  the  particles  of  ether  along  all  of  them  oscillate  in 
the  same  manner.  Wherefore,  if  a  plane  surface  be  imagined 
catting  the  incipient  cloud  at  right  angles  to  its  length,  the 
perfectly  polarized  vibrations  discharged  laterally  will  all  be 
parallel  to  this  surface.  This  is  the  plane  of  vibration  of  the 
polarized  light.  Or  you  may  suppose  a  circle  drawn  round 
the  experimental  tube,  and  a  series  of  strings  attached  to  vari- 
ous points  of  this  circle.  K  all  the  cords  be  stretched  as  per- 
pendiculars to  the  experimental  tube,  and  caused  to  vibrate 
by  a  series  of  jerks  imparted  at  right  angles  both  to  them  and 
the  tube,  the  motions  of  the  particles  of  the  strings  will  then 
represent  those  of  the  particles  of  ether.  A  distinct  image  of 
those  vibrations  is  now,  I  hope,  in  your  minds. 

(765)  Our  incipient  blue  cloud  is  a  virtual  Nicol's  prism, 
and  between  it  and  the  real  Nicol  we  can  produce  all  the  ef- 
fects obtainable  between  the  polarizer  and  analyzer  of  a  polar- 
iscope.  When,  for  example,  a  thin  plate  of  selenite,  which  is 
crystallized  sulphate  of  lime,  is  placed  between  the  Nicol  and 
the  incipient  cloud,  we  obtain  the  splendid  chromatic  phe- 
nomena of  polarized  light.  The  color  of  the  gypsum- plate,  as 
many  of  you  know,  depends  upon  its  thickness.  If  this  be 
uniform,  the  color  is  uniform.  If,  on  the  contrary,  the  plate  be 
wedge-shaped,  thickening  gradually  and  uniformly  from  edge 
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lo  back,  we  bmve  brilliant  bands  of  odlor  produced  parallel  to 
tke  edge  of  the  wedge.  Perfaape  the  best  form  of  plate  for 
experimefits  of  this  character  is  that  now  in  my  hand,  which 
prepared  for  me  some  jears  ago  by  a  man  of  genius  in  his 
IT,  the  late  Mr.  Darker,  of  Lambeth.  It  consists  of  a  plate 
oi  selenite  thin  at  the  centre,  and  gradually  thickening  toward 
the  circumlereiice.  Placing  this  film  between  the  Nicol  and 
the  doud,  we  obtain,  instead  of  a  series  of  parallel  bands,  a 
sjslem  of  colored  rings.  The  ocdors  are  most  vivid  when  the 
iudpient  cfeod  is  looked  at  perpendicularly.  Precisely  the 
same  phenomena  are  observed  when  we  look  at  the  blue  fir- 
mament in  a  direction  perpendicular  to  the  solar  rays. 

(766)  We  have  thus  hr  illuminated  our  incipient  cloud 
with  ordinarr  light,  and  found  the  portion  of  this  light  reflect- 
ed laterally  from  the  doud  in  all  directions  round  it  to  be  per- 
fect It  polarised.  We  will  now  exatnine  the  effects  produced 
when  the  light  which  illuminates  the  cloud  is  itself  polarized. 
In  front  of  the  electric  lamp,  and  between  it  and  the  experi- 
mental tube,  is  placed  this  fine  Ni)x>l's  prism,  which  is  suffi- 
ciently large  to  embrace  and  to  polarize  the  entire  beam.  The 
prism  is  now  placed  so  that  the  plane  of  vibration  of  the  light 
emergent  from  it,  and  falling  upon  the  cloud,  is  vertical. 
How  does  the  cloud  behave  toward  this  light  ?  This  formless 
aggn^gate  of  infinitesimal  particles,  without  definite  structure, 
shows  the  two-sideilness  of  the  light  in  the  most  striking  man- 
ner. It  is  absolutely  incompetent  to  reflect  upward  or  down- 
wanl,  while  it  freely  discharges  the  light  horizontally,  right 
and  left.  I  turn  the  polarizing  Nicol  so  as  to  render  the  plane 
of  vibration  horizontal ;  the  cloud  now  fireely  reflects  the  light 
vertically  upward  and  downward,  but  it  is  absolutely  incom- 
petent to  shed  a  ray  horizontally  to  the  right  or  left. 

(767)  Suppose  the  atmosphere  of  our  planet  to  be  sur- 
rounded by  an  envelop  impervious  to  light,  with  an  aperture 
on  the  sunward  side,  through  which  a  soLu*  beam  could  enter. 
Surrounded  on  all  sides  by  air  not  directly  illuminated,  the 
track  of  the  sunlight  would  resemble  that  of  the  electric  beam 
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in  a  dark  space  filled  with  our  indpient  cloud.  The  course  of 
the  sunbeam  would  be  bhiej  and  it  would  discharge  laterally, 
in  all  directions  round  it,  light  in  precisely  the  same  polarized 
condition  as  that  discharged  from  the  incipient  cloud.  In  fact, 
the  azure  revealed  by  the  sunbeam  would  be  the  azure  of  such 
a  doud.  And  if,  instead  of  permitting  the  ordinary  light  of 
the  sun  to  enter  the  aperture,  a  NicoPs  prism  were  placed 
there,  which  should  polarize  the  sunlight  on  its  entrance  into 
our  atmosphere,  the  particles  producing  the  color  of  the  sky 
would  act  precisely  like  those  of  our  incipient  cloud.  In  two 
directions  we  should  have  the  solar  light  reflected;  in  two 
others  imreflected  In  £act,  out  of  such  a  solitary  beam,  trav- 
ersing the  unilluminated  air,  we  should  be  able  to  extract 
every  effect  shown  by  our  incipient  cloud.  In  the  production 
of  such  clouds  we  virtually  carry  bits  of  the  sky  into  our  labo- 
ratories, and  obtain  with  them  all  the  effects  obtainable  in  the 
open  firmament  of  heaven. 

(768)  And  here,  had  not  a  sufficient  strain  been  already 
imposed  upon  your  minds,  I  might  enter  upon  the  description 
of  a  series  of  extraordinary  effects  observed  when  the  particles 
of  our  incipient  clouds  are  allowed  to  augment  in  size,  so  as 
to  approach  the  condition  of  true  cloudy  matter.  The  selenite 
ring-system,  already  referred  to,  is  a  most  delicate  reagent  for 
the  detection  of  polarized  light.  When  we  look  normally^  or 
perpendicularly,  at  an  incipient  cloud,  the  colors  of  the  rings 
are  most  vividly  developed,  a  diminution  of  the  color  being 
immediately  apparent  when  the  incipient  cloud  is  regarded 
Miquely,  But  let  us  continue  to  look  through  the  Nicol  and 
selenite  normally  at  the  cloud  :  the  particles  augment  in  size, 
the  cloud  becomes  coarser  and  whiter,  the  strength  of  the 
selenite  colors  becoming  gradually  feebler.  At  length  the 
cloud  ceases  to  discharge  polarized  light  along  the  normal, 
and  the  selenite  colors  entirely  disappear.  If  note  the  clo«d 
be  regarded  ohliqudy^  the  colors  are  restored,  very  vividly,  if 
not  with  their  first  vividness  and  clearness.  Thus  the  cloud 
that  has  ceased  to  discharge  polarized  light  at  right  angles  to 


Ike  iUiHBatiii^  bean,  poan  oat  iiMdb  l%lii  eofnoiMiy  in  olil^w 
diiectioaa.  Tbe  dJicdiuD  of  nKdMiiBi  pnhiiiiliun  ohangM 
villi  the  texture  of  tbe  dood. 

(769)  Bat  tkii  is  Dot  an ;  awl,  to  ondetalaiid,  even  ptrtial- 
1t,  wkat  reaaina,  a  wad  anal  be  aaid  iqgawling'  the  appear- 
aMcoftbeeolonofoorplateofadeniteL  Ii;  aa  before  atated, 
tike  plate  be  of  aniiofm  tiudkneaBi  ita  bne  in  wUte  polariaed 
%btiaanifcnn.  Si^poae,  tben,  tbai  bf  aimnging  the  Niool 
tike  color  of  tbe  plate  ia  laiaed  to  ita  nuiYinnim  brilliancjr,  and 
lappoac  tbe  eolor  prodnred  to  be  yraen  /  on  taming  tbe  Miool 
reimd  ita  axia  tbe  green  becomea  fiunler.  Wben  tbe  an^^  of 
mtation  amomrta  tt>45degreeay  tbeoolardiaappean;  wetkea 
paas  wbat  avj  be  oaDed  a  neotial  pointy  iriiere  the  aelenitB 
bekarea^not  asacnrataifbataaabitof  anoqiiioaagbaB.  Goo- 
tinain|r  tbe  rotation,  a  eolor  renppeara^  bat  it  ia  no  longer 
CTe<ni«  bat  rvdL  Tliia  attains  ita  nHudmam  at  a  diatanoe  of  45 
tkvTves  from  tbe  Detitiml  point,  or,  in  other  words,  at  a  dia* 
taiK^f  of  90  degrees  from  tlie  poaitioo  wliich  showed  the  green 
at  its  maximum.  At  a  further  distance  of  45  degrees  from 
the  pwitioQ  of  maximum  red,  the  color  disappears  a  aeoond 
ticne*  We  hare  there  a  second  nentral  point,  beyond  which 
the  green  oomes  again  into  riew,  ittalnmg  its  maximum  briU- 
ianoT  at  the  end  of  a  rotation  of  180  degreea.  Bj  the  rotatioB 
of  ihe  NicoL  therefore,  through  an  angle  of  90  d^^iees,  we 
pc\^iuce  a  cc4or  CKWiplemaUary  to  that  with  which  we  started. 

(TTO^  As  mav  be  inferred  from  this  result,  the  sdeiute  ring 
ST»tem  ohanseai  its  character  when  the  Nicol  is  turned.  It  is 
piKsibte  to  have  the  centre  of  the  circle  daric,  the  surrounding 
rings  Knng  rividl j  ccJored.  Tlie  turning  of  the  Niool  through 
an  angle  of  90  degrees  renders  the  centre  bright,  while  everj 
point  occupied  bv  a  certain  odor  in  the  &st  instance  is  occu- 
pied br  the  ci>fM^4fMi«nr  of  that  ook>r  in  the  second.  But  what 
am  I  aiming  at  in  these  long  preliminarr  statementa  ?  I  want 
U>  be  able  to  sar«  with  full  assurance  of  being  onderstood  bj 
eTx^rrbodT  present^  that  a  dood  mar  so  alter  its  texture  as  to 
prvxlui:^  upon  a  light  an  eflect  equivalent  to  tbe  rotation  of  the 
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Nicol  througt)  90  degrees.  By  curious  internal  actions,  not 
here  to  be  described,  the  doud  in  our  experimental  tube  some> 
times  divides  itself  into  sections  of  different  textures.  Some 
sections  are  coarser  than  others,  while  it  often  happens  that 
some  are  iridescent  to  the  naked  eye,  and  others  not.  Look- 
ing normally  at  such  a  doud  through  the  selenite  and  Nicol, 
it  often  happens  that  in  passing  from  section  to  section  the 
whole  character  of  the  ring-system  is  changed.  You  start 
with  a  section  producing  a  dark  centre  and  a  corresponding 
system  of  ringrs ;  to  pass  to  another  section  through  a  neutral 
point  and  find  in  that  section  the  centre  brigJU^  and  at  the 
same  radial  distances  find  each  of  the  first  rings  displaced  by 
one  of  the  complementary  color.  Sometimes  as  many  as  four 
such  reversions  occur  in  the  doud  of  an  experimental  tube  a 
yard  long.  Now,  the  changes  here  indicated  mean  that  in 
passing  from  section  to  section  of  the  cloud  the  plane  of  vibra- 
tion of  the  polarized  light  turns  suddenly  through  an  angle  of  90 
degrees ;  this  change  being  entirely  due  to  the  different  text- 
ure of  the  two  parts  of  the  cloud. 

(771)  You  will  now  be  able  to  understand,  as  far  as  it  is 
capable  of  being  understood,  a  very  beautiful  effect  which, 
under  favorable  circumstances,  might  be  observed  in  ova  at- 
mosphere. This  experimental  tube  contsiins  an  inch  of  the 
iodide  of  allyl  vapor,  the  remaining  29  inches  necessary  to  fill 
the  tube  being  air,  which  has  bubbled  through  aqueous  hydro- 
chloric acid.  Besides,  therefore,  the  vapor  of  iodide  of  allyl, 
we  have  those  of  water  and  of  acid  within  the  tube.  The 
light  has  been  acting  on  the  mixture  for  some  time,  a  beauti- 
ful blue  color  being  produced.  As  before  stated,  the  *'  incipient 
cloud  "  is  wholly  different  in  texture  and  optical  properties 
from  an  ordinary  doud ;  but  it  is  impossible  to  predpitate  the 
aqueous  vapor  within  this  tube  so  as  to  cause  it  to  form  a 
cloud  similar  to  those  of  our  atmosphere.  This  new  and  real 
cloud  will  be  precipitated  in  the  midst  of  the  azure  of  the  in- 
cipient cloud.  An  exhausted  vessel  of  about  one-third  of  the 
capacity  of  the  experimental  tube  is  now  connected  with  the 
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luboy  iho  passage  uniting  both  being  closed  bj  a  w/tapoodu 
On  opening  this  oock^  the  mixed  air  and  vapor  will  msh  finon 
the  experimental  tube  into  the  empty  yessel ;  and,  in  oonae* 
quence  of  the  chilling  due  to  rarefiiction,  the  vapor  in  the  ex- 
{lerimental  tube  will  fall  together  as  a  true  doud.  Yoo  are 
now  prepared  for  the  experiment  I  first  look  at  this  asore^ 
so  as  to  obtain  a  vivid  ring-sjrstem  with  a  dark  oeotie.  ^^ini- 
ing  on  the  oook^  the  air  is  rarefied  and  the  doud  precipitated. 
What  is  the  result?  Instantly  the  centre  of  the  system  of 
colored  rings  becomes  bright,  and  the  whole  series  of  ookxs 
t«orrt*sponding  to  definite  radial  distances,  complenientaiy. 
While  I  continue  to  look  at  the  cloud,  it  gradually  melta  away 
as  an  atmospheric  cloud  might  do  in  the  azure  of  heaven. 
Anil  there  is  "our  asure  also  remaining  behind.  The  coarser 
cloud  seems  drawn  aside  like  a  veil,  the  blue  reappears,  the 
first  ring^ystem,  with  its  dark  centre  and  correspondingly 
ci>lonHl  circles,  being  restore<l. 

(772)  The  vision  of  an  object  always  implies  a  dififerentiBl 
action  on  the  retina  of  the  observer.  The  object  is  distin- 
guished fn>ni  surrounding  space  by  its  excess  or  defect  of  light 
in  relation  to  that  space.  By  altering  the  illumination,  either 
of  the  object  itself  or  of  its  environment,  we  alter  the  appea^ 
un(*e  of  the  object.  Take  the  case  of  clouds  floating  in  the 
atmosphere  with  patches  of  blue  between  them.  Any  thing 
thiit  changes  the  illumination  of  either  alters  the  appearance 
of  both,  that  appearance  depending,  as  stated,  upon  differen- 
tial action.  Now,  the  light  of  the  sky,  being  polarized,  maj, 
as  you  know,  be  in  great  part  quenched  by  a  NicoPs  prism, 
while  tlio  liu^ht  of  a  cloud,  being  unpolarized,  cannot  be  thus 
extinguished.  Hence  the  possibility  of  very  remarkable  va- 
riations, not  only  .in  the  asptn^t  of  the  firmament,  which  is 
really  changed,  but  also  in  the  aspect  of  the  clouds  which 
have  that  firmament  as  a  background.  When  a  reddish  cloud 
at  sunset  chances  to  float  in  the  region  of  maximum  polariza- 
tion, the  quenching  of  the  sky  behind  it  causes  it  to  flash  with 
a  brighter  crimson.     Last  Easter^ve  the  Dartmoor  sky,  which 
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had  just  been  deansed  by  a  snow-storm^  wore  a  very  wild  ap- 
pearance. Round  the  horizon  it  was  of  steely  brilliancy, 
while  reddish  cumuli  and  drri  floated  southward.  When  tlie 
sky  was  quenched  behind  them  these  floating  masses  seemed 
like  dull  embers  suddenly  blown  upon,  brightening  into  fire. 
In  the  Alps  we  have  the  most  magnificent  examples  of  crimson 
clouds  and  snows,  so  that  the  effects  just  referred  to  may  be 
here  studied  under  the  best  possible  conditions.  On  the  23d 
of  August,  1869,  the  evening  Alpen-glow  was  very  fine,  though 
it  did  not  reach  its  maximum  depth  and  splendor.  Toward 
sunset  I  walked  up  the  slopes  to  obtain  a  better  view  of  the 
Weisshom.  The  side  of  the  peak  seen  from  the  Bel  Alp, 
being  turned  from  the  sun,  was  tinted  mauve ;  but  I  wished 
to  see  one  of  the  rose-colored  buttresses  of  the  mountain. 
Such  was  visible  from  a  point  a  few  hundred  feet  above  the 
hotel.  The  Matterhom  also,  though  for  the  most  part  in 
shade,  had  a  crimson  projection,  while  a  deep,  ruddy  red  lin- 
gered along  its  western  shoulder.  Four  distinct  peaks  and 
buttresses  of  the  Dom,  in  addition  to  its  dominant  head — all 
covered  with  pure  snow — were  reddened  by  the  light  of  sun- 
set. The  shoulder  of  the  Alphubel  was  similarly  colored, 
whil^  the  great  mass  of  the  Fletschom  was  all  aglow,  and  so 
was  the  snowy  spine  of  the  Monte  Leone. 

(773)  Looking  at  the  Weisshorn  through  the  Nicol,  tlie 
glow  of  its  protuberance  was  strong  or  weak  according  to  the 
position  of  the  prism.  The  summit  also  underwent  a  change. 
In  one  position  of  the  prism  it  exhibited  a  pale  white  against 
a  dark  backgroimd ;  in  the  rectangular  position  it  was  a  dark 
fMLuet  against  a  light  background.  The  red  of  the  Matter- 
hom changed  in  a  similar  manner ;  but  the  whole  mountain 
also  passed  through  striking  changes  of  definition.  The  air 
at  the  time  was  highly  opalescent — filled,  in  fact,  with  a  silvery 
haze,  in  which  the  Matterhom  almost  disappeared.  This  could 
be  wholly  quenched  by  the  Nicol,  and  then  the  mountain 
sprang  forth  with  astonishing  solidity  and  detachment  from 
the  surrounding  air.     The  changes  of  the  Dom  were  still  more 


of  lighl  eoald  be  reoioved  from 
tke  iwHicMi  of  ■»*'"rii?i">  pch 
qpendLcdy  the  fiDarminor  peaks 
o£  tke  Dtai,  tcigedier  with  tiie 
iMixttttr  «£dbe  .%habdU  glowed  as  if  set  nddeolyon  fire. 

1U»w«i  I wiiiirfi  r         I  fasrtBraii^  the  Nicol  throagh 

»aac->ocW.    Ik  v«t  Bot  tike  cta|i|»ge  of  the  fight  of  the 
afcyahfMfwJtaehpniAwedthiiiitirtfiiy  efcct;  the  air  between 

Aii  A)^  aai  ne  IXm  wea,  as  I  bare  said,  highly  opales- 

of  thi»  HictBuliate  f^aie  angmeoted 
cf  thewNBtaa. 

tTT4i  i.^sheauniiig<tf the:!4chof  AiqriBtsiBiflarelfeots 
wvTv  ttoieijsQowm.  As  10  a.  m.  all  three  ■MMmtaiiM,  the  Dom, 
the  Xiaen».Yiu  azai  ibe  WeiaihoiBy  were  powetfuUj  aAocted 
b!*-  she  Ndlvc  Bkn  la  tbii  imifiwnr  abo  the  fine  dimwn  to  tbe 
IVm  Sfiii^  aLVi3r&:«ft7  ^wrpeodicidar  to  the  direcdoQ  of  the 
seiar  jC;ftiio«:sw  irxi  cocMcoendT  Tenr  Dearlj  perpoidicular  to 
tikf  &*uir  Snss^  lae  ifdects  on  this  monntaiii  were  moat  strik- 
n^.  Tliftf  cnj  smxBiit  of  the  Manerhotn  at  the  same  time 
fcvoid  softswij  Sf  diisdsnBshed  ttora  the  opalescent  base  around 
It :  b«26.  v»fft  the  yscol  qoenched  the  baae,  the  summit  be- 
<ii3aBe  -JL$t;&rSLj  ssciafiifd^  and  stocd  out  in  bold  definitioo.  It  is 
to  Sr  r^sssetaibifivd  Uttt«  in  the  praiiiction  of  these  effects,  tbe 
oolv  ihinuc^  cbaa^vd  are  the skr  behind  and  the  luminoos  baze 
m  cvat  of  tbe  nomtains:  that  tbese  are  changed  because 
the  li^i  enuttira  frvm  the  skr  and  from  the  baie  is  plane  po- 
kariat^  H^  :  and  that  die  light  horn  the  snows  and  from  tbe 
mouncaina^  being  s«flftsiblT  unpofatfiaed,  is  not  directlj  afiiected 
br  tbe  Xicwi^  l\  will  also  be  understood  that  it  is  not  the  in- 
tcfpotfitioa  of  tbe  baae  ci*  laa  cpa^ue  bodj^  that  renders  the 
VKHmiains  indistinct^  bat  that  it  is  the  li^hi  of  tbe  base  wbidi 
dims  and  bewilders  tbe  eje*  and  thus  weakens  tbe  definition 
of  objects  seen  through  iL 

(775)  These  results  bare  a  direct  bearing  upon  what  artists 
iaD  ^  aerial  perspectiTe.''  As  we  look  from  the  summit  of 
the  Aletsdiborn,  or  from  a  lower  elevation^  at  the  senied 
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crowd  of  peaks,  especially  if  the  mountains  be  darkly  colored 
—covered  with  pines,  for  example — every  peak  and  ridge  is 
separated  from  the  mountains  behind  it  by  a  thin  blue  haze 
which  renders  the  relations  of  the  mountains  as  to  dis- 
tance unmistakable.  When  this  haze  is  regarded  through  the 
Nicol  perpendicular  to  the  sun's  rays,  it  is  in  many  cases 
wholly  quenched,  because  the  light  which  it  emits  in  this  di- 
rection is  wholly  polarized.  When  this  happens,  aerial  per- 
spective is  abolished,  and  mountains  very  differently  distant 
appear  to  rise  in  the  same  vertical  plane.  Close  to  the  Bel 
Alp,  for  instance,  is  the  gorge  of  the  Massa,  a  river  produced 
by  the  ablation  of  the  Aletsch  Glacier,  and  beyond  the  gorge 
is  a  high  ridge  darkened  by  pines.  This  ridge  may  be  pro- 
jected upon  the  dark  slopes  at  the  opposite  side  of  the  Rhone 
Valley,  and  between  both  we  have  the  blue  haze  referred  to, 
throwing  the  distant  mountains  f&r  away.  But  at  certain 
hours  of  the  day  this  haze  may  be  quenched,  and  then  the 
Massa  Ridge  and  the  moimtains  beyond  the  Rhone  seem  al- 
most equally  distant  from  the  eye.  The  one  appears,  as  it 
were,  a  vertical  continuation  of  the  other.  The  haze  varies 
with  the  temperature  and  humidity  of  the  atmosphere.  At 
certain  times  and  places  it  is  almost  as  blue  as  the  sky  itself ; 
but,  to  see  its  color,  the  attention  must  be  withdrawn  from 
the  mountains  and  from  the'trees  which  cover  them.  In  point 
of  fact,  the  haze  is  a  piece  of  more  or  less  perfect  sky ;  it  is 
produced  in  the  same  manner,  and  is  subject  to  the  same  laws, 
as  the  firmament  itself.     We  live  in  the  sky,  not  under  it. 

(7W)  These  points  were  further  elucidated  by  the  deport- 
ment of  the  selenite  plate.  On  some  of  the  sunny  days  of 
August  the  haze  in  the  valley  of  the  Rhone,  as  looked  at  from 
the  Bel  Alp,  was  very  remarkable.  Toward  evening  the  sky 
above  the  mountains  opposite  to  my  place  of  observation 
yielded 'a  series  of  the  most  splendidly-colored  iris-rings;  but, 
on  lowering  the  selenite  until  it  had  the  darkness  of  the  pines 
at  the  opposite  side  of  the  Rhone  Valley,  instead  of  the  dark- 
ness of  space  as  a  backgroimd,  the  colors  were  not  much  di- 
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minished  in  brilliaDCj.  I  should  estimate  the  distance  acroM 
the  vaHey,  as  the  crow  flies,  to  the  opposite  mountains,  at  nine 
miles ;  so  that  a  body  of  air  nine  miles  thick  can,  under  £iivor- 
able  circumstances,  produce  chromatic  effects  of  polarization 
almost  as  vivid  as  those  produced  by  the  sky  itsell 

(777)  Again :  the  light  of  a  landscape,  as  of  most  other 
things,  consists  of  two  parts ;  the  one  part  comes  purely  from 
superficial  reflection,  and  this  light  is  always  of  the  same 
color  as  that  which  falls  upon  the  landscape  ;  the  other  part 
comes  to  us  from  a  certain  depth  within  the  objects  which 
compose  the  landscape^  and  it  is  this  portion  of  the  total  light 
which  gives  these  objects  their  distinctive  colors.  Tlie  white 
light  of  the  Sim  enters  all  substances  to  a  certain  depth,  and 
is  partially  ejected  by  internal  reflection ;  each  distinct  sub- 
stance absorbing  and  reflecting  the  light  in  accordance  with 
the  laws  of  its  own  molecular  constitution.  Thus  the  solar 
light  is  sifted  by  the  landscape,  which  appears  in  such  colors 
and  variations  of  color  as,  after  the  sifting  process,  reach  the 
observer's  eye.  Thus  the  bright  green  of  grass,  or  the 
darker  color  proper  to  the  pine,  never  comes  to  us  alone,  but 
is  always  mingled  with  an  amount  of  really  foreign  light  de- 
rived from  superficial  reflection.  A  certain  hard  brilliancy  is 
conferred  upon  the  woods  and  meadows  by  this  superficially- 
reflected  light.  Under  certain  circumstances,  it  may  be 
quenched  by  a  Nicol's  prism,  and  we  then  obtain  the  true 
color  of  the  grass  and  foliage.  Trees  and  meadows  thus  re- 
garded exhibit  a  richness  and  softness  of  tint  which  they  never 
show  as  long  as  the  superficial  light  is  permitted  to  mingle 
with  the  true  interior  emission.  The  needles  of  the  pines 
show  this  eflect  very  well,  large-leaved  trees  still  better;  while 
a  glimmering  field  of  maize  exhibits  the  most  extraordinary 
variations  when  looked  at  through  the  rotating  Nicol. 

(778)  Thoughts  and  questions  like  those  here  referred  to 
took  me  last  August  to  the  top  of  the  Aletschhorn.  The 
effects  described  in  the  foregoing  paragraphs  were,  for  the 
most  part,  reproduced  in  the  summit  of  the   mountain.     I 
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scanned  the  whole  of  the  sky  with  my  NicoL  Both  alone  and 
in  conjunction  with  the  selenite  it  pronoimced  the  perpendicu- 
lar to  the  solar  beams  to  be  the  direction  of  maximum  polari- 
xation.  But  at  no  portion  of  the  firmament  was  the  polariza- 
tion oomplete.  The  artificial  sky  produced  in  the  experiments 
already  recorded  could,  in  this  rQ^pect,  be  rendered  more  per- 
fect than  the  natural  one ;  while  the  gorgeous  '^  residual  blue  ^ 
which  makes  its  appearance  when  the  polarization  of  the  arti- 
ficial sky  ceases  to  be  perfect,  was  strongly  contrasted  with 
the  lack-lustre  hue  which,  in  the  case  of  the  firmament,  out- 
lived the  extinction  of  the  brilliance.  With  certain  sub- 
stances, however,  artificially  treated,  this  dull  residue  may  also 
be  obtained. 

(779)  All  along  the  arc  from  the  Matterhom  to  Mont  Blanc 
the  light  of  the  sky  immediately  above  the  mountains  was 
powerfully  acted  upon  by  the  Nicol.  In  some  cases  the  varia- 
tions of  intensity  were  astonishing.  A  little  practice  enables 
the  observer  to  shift  the  Nicol  from  one  position  to  another  so 
rapidly  as  to  render  the  alternate  extinction  and  restoration 
of  the  light  immediate.  When  this  was  done  along  the  arc 
to  which  I  have  referred,  the  alternations  of  light  and  darkness 
resembled  the  play  of  sheet-lightning  behind  the  mountains. 
There  was  an  element  of  awe  connected  with  the  suddenness 
with  which  the  mighty  masses,  ranged  along  the  line  referred 
to,  changed  their  aspect  and  definition  under  the  operation  of 
the  prism. 

(780)  I  have  endeavored  to  show  you  that  the* color  and 
polarization  of  the  sky  could  be  reproduced  artificially,  and 
that  the  only  condition  necessary  to  their  production  was  the 
smallness  of  the  piurticles  by  which  the  light  was  scattered. 
The  effects  were  proved  to  be  totally  independent  of  the  op- 
tical character  of  the  substances  from  which  the  particles  were 
derived.  The  parallelism  of  the  artificial  and  the  natural 
phenomena  is  so  perfect  as  to  leave  no  doubt  upon  the  mind 
that  they  are  due  to  a  common  cause.  And  here  a  practical 
issue  of  immense  import  reveals  itself.     Supposing  those  par- 
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tides  which  now  throw  down  upon  us  the  blue  light  of  the  fir- 
mament to  be  abolished,  what  would  be.  the  result?  The 
sun's  rays  would  pass  through  the  atmosphere  without  lateral 
scattering — the  earth  would  lose  the  light  of  the  skj.  To  form 
an  idea  of  the  magnitude  of  this  Joss  we  must  have  a  clear 
idea  of  the  qucUity.  of  the  light  under  consideration.  It  is 
now  known  to  you  that  the  vegetable  world  is  nourished  by 
the  rays  of  the  sim ;  and,  as  animal  life  is  sustained  by  vege- 
tables, that  life  also  is  supported  in  the  long-run  by  the  solar 
rays.  Now,  these  rays  are  as  composite  as  the  coins  of  the 
realm.  As  regards  their  power  to  produce  the  chemical  ao> 
tions  necessary  to  vegetable  life,  they  differ  from  each  other  in 
value  as  widely  as  gold  does  from  copper.  It  is  the  gold  of 
the  solar  beams  that  is  showered  down  upon  us  from  the  sky. 
Professor  Roscoe  has  shown  that  the  light  of  the  sky,  which 
is  mainly  produced  by  the  shorter  waves,  has  a  chemical  value 
at  Kew  Observatory  greater  than  that  of  the  unclouded  sun 
at  a  height  of  42°  above  the  horizon.*  This  would  be  the 
measure  of  the  loss  to  the  vegetable  world  at  Kew  if  the  sky 
were  abolished.  Roscoe*s  experiments  were  made  with  chem- 
ical substances  sensitive  to  solar  light,  and  thpy  appear  open 
to  the  objection  that  the  rays  effective  in  the  plant-world  may 
not  be  those  which  were  effective  upon  his  salts.  But,  taking 
every  thing  into  account,  and  assuming  the  correctness  of  the 
observations,  I  think  the  probability  great  that  the  value  of 
sky-light  as  a  feeder  of  the  vegetable  world,  and  through  it 
of  the  animal,  cannot  be  much  less  than  Roscoe  makes  it  to  l)e. 

*  Proocodings  of  the  Bojal  Institution,  vol.  iv.  p.  WJ,    The  whole  article 
hero  referred  to  is  ezooedinglj  interesting. 
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REBIARKS  ON  THE  CONVERTIBILITY  OF 

NATURAL  FORCES. 

I  ADGD  here  a  few  remarks,  which  may  be  nsefiil  to  some  of  mj 
readers.  Thej  are  extracted  firom  a  little  book  called  *^  Faraday  as 
a  DiscoTerer,"  and  form  a  portion  of  the  chapter  entitled  *^  Unity 
and  Convertibility  of  Natural  Forces ;  Theory  of  the  Electric  Car- 
rent:*' 

"  The  whole  stock  of  energy  or  working-power  in  the  world  con- 
sists of  attraetioniy  repuUtom^  and  motions.  If  the  attractions  and 
repulsions  are  so  circumstanced  as  to  be  able  to  produce  motion,  they 
are  sources  of  working-power,  but  not  otherwise.  Let  as  for  the 
sake  of  nmplicity  confine  our  attention  to  the  case  of  attraction. 
The  attraction  exerted  between  the  earth  and  a  body  at  a  distance 
from  the  earth's  surface  is  a  source  of  working-power ;  because  the 
body  can  be  moved  by  the  attraction,  and  in  falling  to  the  earth  can 
perform  work.  When  it  rests  upon  the  earth's  surface  it  is  not  a 
source  of  power  or  energy,  because  it  can  fall  no  farther.  But, 
though  it  has  ceased  to  be  a  source  of  energy^  the  attraction  of 
gravity  still  acts  as  a  force,  which  holds  the  earth  and  weight  to- 
gether. 

^*  The  same  remarks  apply  to  attracting  atoms  and  molecules.  As 
long  as  distance  separates  them,  they  can  move  across  it  in  obedience 
to  the  attraction,  and  the  motion  thus  produced  may,  by  proper  ap- 
pliances, be  caused  to  perform  mechanical  work.  When,  for  ex- 
ample, two  atoms  of  hydrogen  xmite  with  one  of  oxygen,  to  form 
water,  the  atoms  are  first  drawn  toward  each  other — ^thoy  move, 
they  clash,  and  then,  by  virtue  of  their  resiliency,  they  recoil  and 
quiver.  To  this  quivering  motion  we  give  the  name  of  heat.  Now, 
this  quivering  motion  is  merely  the  redistribution  of  the  motion  pro- 
duced by  the  chemical  afSnity ;  and  this  is  the  only  sense  in  which 
chemical  affinity  can  be  said  to  be  converted  into  heat.  We  must 
not  imagine  the  chemical  attraction  destroyed,  or  converted  into 
any  thing  else.  For  the  atoms  when  mutually  clasped  to  form  a 
molecule  of  water  are  held  together  by  the  very  attraction  which 
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lr«  »v  latRxi  ^ viri  tmeh  ocber.    TlttS  vhich  liM  rtmSLj  beat  ex- 
T^niifi  1^  ti^  9<wr  ex«u«i  thromr^  tke  fUM  br  vhich  the  disUnoe 

~  It  i::::*  :«r  xi>i<rsc«.*.c  ic  viH  W  mi  oner  seen  tint  gram^f  mxj 
in  u  a  MOsitt  *:<  mi»l  v  St  (CftTcctibAe  into  beii ;  that  h  is  in  realitj 
in  -s«:r»  as.  ^ir:^ja»2Kr  lad  ae««T«ftifai«  agciit,  as  it  is  sometiines 
foCc*i  t*  >e.  t2ii&  {iiucsjni  atfniTx.  Bj  tike  exertioft  of  a  eertam 
-itLL  iir<:<i:ri  a  ^teruis  «c«iK  a  bodr  if  eaosed  to  daah  with  a  oeitain 
^dxr^  T^«if:«:CT  noi^ic  tbe  «arth.  Heal  it  thereby  deTel<^>ed,  and 
12  »  i»  tJie  caJj  f«B5^  in  vbic&  giaiiit  can  be  aaid  to  be  ooDTerted 
3L*v  2itdS.  Ii  »:-  •Raw  »  itrtf^tt  which  prodneea  the  motioii  anni- 
3  liTc*£  :c  ^t%2as*i  istc*  anr  trinx  eke.  The  miEtaal  attraetiom  of 
"Uk  ;:irL:  i^'i  vti^'.:  cxi?c^  vi^ii  tbej  are  in  contact  as  when  thej 
wt^  *^^t%r%z* :  *4r:  ii<e  ac-i^rr  of  that  attnctian  to  employ  itaelf  in 
lit  -<^  •rrctiTa  :^  ■».o:«  do*w  %M  exist. 

~  Ti^e  tr>agoc=:tf>T<i.  in  thit  caae.  b  eaalr  followed  bj  the  mind^B 
ej^.  Frr«c  I2.<e  -wtiri*  a<  a  whoie  t»  »et  in  motion  bj  the  attractaon 
■.r  rn^.Tj.  n^  r:'.c::c  >■:  tie  claai^  is  arrested  br  collision  with 
:^  :  :Ar:».  :<i^-r  :  -.icc  .:  ir.:^-  z:vlcv::^ar  tremors,  to  whii:h  we  give 

"  Az  :  «i->-  wc  rtvcr^f^  :1  ir>.-cc:»w  and  emploj  tboee  tremors 
.:  i=A:  :•  r^i?^  a  »ci-:l:.  a*  :*  c.-ce  iLrooirh  the  intermediation  of 
az  clisci:  f-:  i  iz  :hr  sCcjjzr-cn^liie,  a  cxrrtain  definite  portion  of  the 
r-  .lv.:Llir  z_..::  .z.  U  dcacrvTcxi  in  raising  the  weight.  In  this  sense, 
xT  i  :":  ->  ?^ :  ?«r  vilv.  o;ir.  ::.r  hc^i  :^  said  :o  be  converted  into  gravity, 
vr.  i:::rt  v>:rTv::>.  :=.:•:  :<»:ennal  cntrrjr  of  in^vitv.  It  is  not  that 
:Lc  ir-itncrk-r  . :  :he  hra:  ha:?  created  anv  iww  attraction,  but  sim- 
:  >  tha:  lie  v  M  artraki^c-n  Las  now  a  j»vwer  conferred  upon  it  of  ex- 
eriiz-:  a  oer.a::!  Oct:ii::e  :^li  in  the  iutvr\al  between  the  starting- 
p»:::i:  •:•:  the  rallliL:  wrijhi  and  i:*  c*'lii>:on  with  the  earth. 

••  S.^  iI>o  as  re-jir\i>  cixiiietic  attraction :  when  a  sphere  of  iron 
p's  *t-d  a:  some  distinoe  frv^ra  a  maonict  rushes  toward  the  magnet, 
and  ha>  :t5  mo:ic»n  >:•:•:  po!  bv  c*.ilision.  an  effect  mechanicaUv  the 
san:e  as  :hat  prv^i  :v\.d  tv  the  attraction  of  gravity  occurs.  The 
majmetic  attr*^'t:v«  priiv rates  the  motion  of  the  mass,  and  the  8toi>- 
{»ai>.*  ot  that  nK>tion  prv»duocs  heat.  In  this  sense,  and  in  this  sense 
i»n;y,  is  there  a  transformation  of  magnetism,  or,  more  correctly, 
iua.rr.vtio  work  into  heat.  And  it',  bv  the  mechanical  action  of  heat 
brv^Uirh:  to  lH?ar  by  means  ••!*  a  suitable  machine,  the  sphere  be  torn 
fn>iu  the  magnet  and  ag-jin  placed  at  a  distance,  a  power  of  exerting 
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a  pnll  through  that  distance,  and  producing  a  new  motion  of  the 
sphere,  is  thereby  conferred  upon  the  magnet ;  in  this  sense,  and  in 
this  sense  onlv,  is  the  heat  converted  into  magnetism,  or  rather  mag- 
netic potential  energy. 

^^  When,  therefore,  writers  on  the  coDservation  of  energy  speak 
of  tensions  being  *■  consumed '  and  ^  generated,'  they  do  not  mean 
thereby  that  old  attractions  have  been  annihilated  and  new  ones 
brooght  into  existence,  but  that,  in  the  one  case,  the  power  of  the 
attraction  to  prodooe  motion  has  been  diminished  by  the  shortening 
of  the  distance  between  the  attracting  bodies,  and  that  in  the  other 
case  the  power  of  producing  motion  has  been  augmented  by  the  in- 
a*ea8e  of  the  distance.  These  remarks  apply  to  all  bodies,  whether 
they  be  sensible  masses  or  molecules. 

^  Of  the  inner  quality  that  enables  matter  to  attract  matter  we 
know  nothing;  and  the  law  of  conservation  makes  no  statement  re- 
garding that  qnality.  It  takes  the  facts  of  attraction  as  they  stand, 
and  affirms  only  the  constancy  of  icorhing-potoer.  That  power  may 
exist  in  the  form  of  motion  ;  or  it  may  exist  in  the  form  of  force, 
with  dutance  to  act  through.  The  former  is  dynamic  energy,  the 
latter  is  potential  energy,  the  constancy  of  the  sum  of  both  being 
affirmed  by  the  law  of  conservation.  The  convertibility  of  natural 
forces  consists  solely  in  transformations  of  dynamic  into  potential, 
and  of  potential  into  dynamic  energy,  which  are  incessantly  going 
on.  In  no  other  sense  has  the  convertibility  of  force,  at  present, 
any  scientific  meaning. 

^*  By  the  contraction  of  a  muscle  a  man  lifts  a  weight  from  the 
earth.  But  the  muscle  can  contract  only  through  the  oxidation  of 
its  own  tissue  or  of  the  blood  passing  through  it.  Molecular  motion 
is  thus  converted  into  mechanical  motion.  Supposing  the  muscle  to 
contract  without  raising  the  weight,  oxidation  would  also  occur,  but 
the  whole  of  the  heat  produced  by  this  oxidation  would  be  liberated 
in  the  mu9cU  itself.  Not  so  when  it  performs  external  work ;  to  do 
that  work  a  certain  definite  portion  of  the  heat  of  oxidation  must  be 
expended.  It  is  so  expended  in  pulling  the  weight  away  from  the 
earth.  If  the  weight  be  permitted  to  fall,  the  heat  generated  by  its 
collision  with  the  earth  would  exactly  make  up  for  that  lacking  in 
the  mnscle  during  the  lifting  of  the  weiglit.  In  the  case  here  sup- 
poijed,  we  have  a  conversion  of  molecular  muscular  action  into  po- 
tential energy  of  gravity ;  and  a  conver^on  of  that  potential  energy 
into  heat ;  the  heat,  however,  appearing  at  a  distance  from  its  real 
22 
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eontinaed  blue,  and  could  be  completely  quenched  hj  Nicors  prism, 
no  trace  of  its  light  reaching  the  eye  when  the  Nicol  was  in  its 
proper  position.  Bat  its  particles  augmented  gradually  in  magni- 
tude, and  at  the  end  of  fifteen  minutes  a  dense  white  cloud  filled  the 
tube.  Considering  the  amount  of  vapor  carried  in  by  the  air,  the 
iq>pearance  of  a  cloud  so  massive  and  luminous  seemed  like  the  crea- 
tion of  a  world  oat  of  nothing. 

^^  Bat  this  is  not  all ;  the  pellet  of  bibulous  paper  was  removed, 
and  the  experimental  tube  was  cleared  out  hy  sweeping  a  current  of 
dry  air  through  it.  This  current  paused  also  through  the  connect inff- 
piece  in  which  the  pellet  qf  bUnUotis  paper  had  rested.  The  air  was 
at  length  cut  off  and  the  experimental  tube  exhausted.  Fifteen 
mcbes  of  hydrochloric  acid  were  then  sent  into  the  tube  through  the 
same  connecting-piece.  Now,  it  is  here  to  be  noted :  (1)  that  the  total 
quantity  of  liquid  absorbed  by  the  pellet  in  the  first  instance  was  ex- 
ceedingly smaU ;  (2)  that  nearly  the  whole  of  this  small  quantity 
had  been  allowed  to  evaporate  between  my  fingers  before  the  pellet 
was  placed  in  the  connecting-piece;  (8)  that  the  pellet  had  been 
^ected  and  the  tube  in  which  it  rested  rendered  for  some  minutes 
the  conduit  of  a  strong  current  of  pure  air.  It  was  part  of  such  a 
residue  as  could  linger  in  the  connecting-piece  after  this  process  that 
was  carried  into  the  experimental  tube  by  the  hydrochloric  acid  and 
subjected  there  to  the  action  of  light. 

*^  One  minute  after  the  ignition  of  the  electric  lamp  a  faint  cloud 
diowed  itself;  in  two  minutes  it  had  filled  all  tlie  anterior  portion 
of  the  tabe  and  stretched  a  couHiderable  way  down  it ;  it  developed 
itself  afterward  into  a  very  beautiful  cloud-figure ;  and  at  the  end 
of  fifteen  minutes  the  body  of  light  discharged  by  the  cloud,  con- 
aidaring  the  amount  of  matter  involved  in  it«  proiluction,  was  simply 
aatonnding.  But,  though  thus  luminous,  the  cloud  was  far  too  line 
to  dim  in  any  appreciable  degree  objects  placed  behind  it.  The 
flame  of  a  candle  seemed  no  more  affected  by  it  than  it  would  be  by 
a  yacnum.  Placing  a  page  of  print  so  that  it  Tuight  be  illuminated 
by  the  doad  itself,  it  could  be  read  through  the  cloud  without  any 
sensible  enfeeblement.  Nothing  could  more  perfectly  illustrate  tliat 
'spiritual  texture '  which  Sir  John  Ilcrschel  ascribes  to  a  comet  than 
these  actinic  clouds.  Indeed,  the  experiments  prove  that  matter  of 
almost  infinite  tenuity  is  competent  to  shed  forth  light  far  more  in- 
tense than  that  of  the  tails  of  comet*.  The  weight  of  the  matter 
which  sent  this  body  of  light  to  the  eye  would  probably  have  to  be 
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manner  of  a  strdght  and  rigid  rod,  in  defiance  of  the  law  of  gravita- 
tion, nay,  even  of  the  received  laws  of  motion,  extending  (as  we 
have  seen  in  the  comets  of  1680  and  1848)  from  near  the  sun^s  sur- 
face to  the  earth^s  orhit,  yet  whirled  round  nnbroken — in  the  latter 
case  throogh  an  angle  of  180°  in  little  more  than  two  hours.  It 
seems  utterly  incredible  that  in  such  a  case  it  is  one  and  the  same 
material  olject  which  is  thus  brandished.'  [I  would  especially  in- 
vite the  reader's  attention  to  these  words  in  reference  to  the  follow- 
ing theory. — J.  T.]  ^  K  there  could  be  Conceived  such  a  thing  as  a 
neffotiM  $h€uUnty  a  momentary  impression  made  upon  the  luminiferous 
ether  behind  the  comet,  this  would  represent  in  some  degree  the 
oonoeption  such  a  phenomenon  irresistibly  calls  up.' 

*'  I  now  ask  for  permission  to  lay  before  you  a  speculation  which 
seems  to  do  away  with  all  these  difficulties,  and  which,  whether  it 
represents  a  physical  verity  orjiot,  ties  together  the  phenomena  ex- 
hibited by  comets  in  a  remarkably  satisfactory  way  : 

*'  1.  The  theory  is,  that  a  comet  is  composed  of  vapor  decom- 
posable by  the  solar  light,  the  visible  head  and  tail  being  an  actinic 
dond  resulting  from  such  decomposition;  the  texture  of  actinic 
donds  is  demonstrably  that  of  a  comet. 

^'2.  The  tail,  according  to  this  theory,  is  not  projected  matter, 
bat  matter  precipitated  on  the  solar  beams  traversing  the  cometary 
atmosphere.  It  can  be  proved  by  experiment  that  this  precipitation 
may  occur  either  with  comparative  slowness  along  the  beam,  or  that 
it  may  be  practically  momentary  throughout  the  entire  length  of  the 
beam.  The  amazing  rapidity  of  the  development  of  the  tail  would 
be  thus  accounted  for  without  invoking  the  incredible  motion  of 
translation  hitherto  assumed. 

'^^  8.  As  the  comet  wheels  round  its  perihelion^  the  tail  is  not  com- 
posed throughout  of  the  same  matter,  but  of  new  matter  precipitated 
on  the  solar  beams,  which  cross  the  cometary  atmosphere  in  new  di- 
rections. The  enormous  whirling  of  the  tail  is  thus  accounted  for 
without  invoking  a  motion  of  translation. 

^^  4.  The  tail  is  always  turned  from  the  sun  for  this  reason :  Two 
antagonistic  powers  are  brought  to  bear  upon  the  cometary  vapor — 
the  one  an  (tetinie  power  tending  to  produce  precipitation,  the  other 
a  calorific  power  tending  to  eifcct  vaporization.  Where  the  former 
prevails,  we  have  the  cometary  cloud ;  where  the  latter  prevails,  we 
have  the  transparent  cometary  vapor.  As  a  matter  of  fact,  the  sun 
emita  the  two  agents  here  invoked.    There  is  nothing  whatever  by- 
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fioihetical  in  the  ammptioii  of  their  existence.  That  precipit«tioii 
•hoald  occnr  behind  the  head  of  the  comet,  or  in  the  space  occupit'd 
bj  the  bead^s  shadow,  it  is  only  necessary  to  assume  Uiat  the  sim*8 
calorific  rays  are  absorbed  more  copiously  by  the  head  and  nodeiis 
than  the  actinic  rays.  This  augments  the  relative  superiority  of  the 
actinic  rays  behind  the  head  and  nucleus,  and  enables  them  to  bring 
down  the  cloud  which  constitutes  the  comet's  tail. 

**  5.  The  old  tail,  as  it  ceases  to  be  screened  by  the  nucleus,  is 
disc>ipated  \>y  the  solar  beat ;  but  its  dissipation  is  not  instantaoeom. 
The  tail  leans  toward  that  portion  of  space  last  quitted  by  the  comet, 
a  general  fiict  of  obeenraticm  being  thus  accounted  for. 

**  6.  In  the  struggle  for  mastery  of  the  two  classes  of  rays  a  tem- 
porary advantage,  owing  to  variations  of  density  or  some  other 
canse,  may  be  gained  by  the  actinic  rays  even  in  parts  of  the  come- 
tary  atmosphere  which  are  unscreened  by  the  nucleus.  Ooca8i(»isl 
lateral  streamers,  and  the  apparent  emission  of  feeble  tails  toward 
the  sun.  would  be  thus  accounted  for. 

"  7.  The  shrinking  of  the  head  in  the  vicinity  of  the  sun  is  caused 
by  the  beating  against  it  of  the  calorific  waves,  which  dissipate  its 
attenuated  fringe  and  cause  its  apparent  contraction. 

"Throughout  this  theory  I  have  dealt  exclusively  with  true 
cans«5«  and  no  agency  has  been  invoked  which  does  not  rest  on  the 
sure  basis  either  of  observation  or  experiment  It  remains  with  von 
to  s^  whether  in  venturing  to  enunciate  it  I  have  transgressed  the 
limits  of  '  rational  speculation/ 

"  If  I  have  done  so,  surely  I  could  not  have  come  to  a  place  more 
certain  to  insure  my  speedy  correction.  If  the  theory  be  a  mere  fig- 
ment of  the  mind,  your  Adams  and  your  Stokes  (both  happily  here 
presentX  to  whom  I  submit  the  speculation  with  the  view  of  baring 
it  instantly  annihilated  by  astronomy  and  physics,  if  it  merit  no  bet- 
ter fate,  wilL  I  doubt  not  eflTectually  discharge  that  duty,  and  thus 
save  both  yon  and  me  from  error  before  it  has  had  time  to  lay  sny 
serious  hold  on  our  imagination.** 

I  may  now  add  (1$70)  that  cometary  envelops  and  various  other 
appearances  may  be  accurately  reproduced  through  the  agency  of 
cv clonic  movements  intn^uced  by  heat  among  actinic  nebula*.  It 
15  r.iHHiless  to  say  that  this  hypothesis  also  accounts  for  the  polariza- 
tion of  the  li^ht  of  the  comet^s  taiL* 

*  Ti«r«  mj^  b«  cornet*  wht-toie  Tapor  is  nndecomposable  by  the  Him,  or 
vhioh.  if  Jecompoced,  Is  ik4  preeipitated.    This  view  opens  out  tlie  possi- 
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POLARIZATION  OF  HEAT. 

Ih  the  Philosophical  Magazine  for  1846  the  late  Principal  Forbes 
gave  an  account  of  the  experiments  by  which  he  demonstrated  the 
polarization  of  non-lominoas  heat.  He  first  operated  with  tourma- 
lines, and  afterward,  hj  a  happy  inspiration,  devised  piles  of  mica 
I'latea,  which  from  their  greater  power  of  transmission  enabled  him 
more  readily  and  conclusively  to  establish  the  fact  of  polarization. 
The  subject  was  subsequently  followed  up  by  Melloni  and  other 
philosophers.  With  great  sagacity  Melloni  turned  to  account  his 
own  discoYC^,  that  the  obscure  rays  of  luminous  sources  were  in 
part  transmitted  by  black  glass.  Intercepting  by  a  plate  of  this 
glass  the  light  emitted  by  his  oil-lamp  and  operating  upon  the  trans- 
mitted heat,  he  obtained  effects  exceeding  in  magnitude  any  that 
could  be  obtained  by  means  of  the  radiation  from  obscure  sources. 
The  possession  of  a  more  perfect  ray-filter  and  a  more  powerful 
source  of  heat  enables  us  now  to  obtain,  on  a  greatly-augmented 
scale,  the  effects  obtained  by  Forbes  and  Melloni. 

Two  large  NicoPs  prisms,  such  as  those  employed  in  my  experi- 
ments on  the  polarization  of  light  by  nebulous  matter,  were  placed 
in  front  of  an  electric  lamp,  and  so  supported  that  either  of  them 
could  be  turned  round  its  horizontal  axis.  The  beam  from  tbe  lamp, 
rendered  slightly  convergent  by  the  camera-lens,  was  sent  through 
both  prisms.  But  between  them  was  placed  a  cell  containing  iodine 
dissolved  in  bisulphide  of  carbon  in  quantity  sufficient  to  quench  the 
strongest  solar  light.  Behind  the  prisms  was  placed  a  thermo-elec- 
tric pile,  furnished  with  two  conical  reflectors.  The  front  face  of 
the  pile  received  heat  from  the  electric  lamp,  the  hinder  face  from  a 
spiral  6f  platinum  wire,  through  which  passed  a  suitably-regulated 
electric  current. 

The  apparatus  was  so  arranged  that,  when  the  principal  sections 
of  the  Nicols  were  at  right  angles  to  each  otiier,  the  needle  of  the 
galvanometer  connected  with  the  pile  showed  a  deflection  of  90*  in 

bility  of  invisible  comets  wandering  through  space,  perhaps  sweeping  over 
the  earth  and  affecting  its  sanitary  condition  without  our  being  otherwise  con- 
scious of  their  passage.  As  regards  tenuity,  I  entertain  a  strong  persuasion 
that,  out  of  a  few  ounces  (the  possible  weight  assigned  by  Sir  John  Herschel 
to  certain  comets)  of  iodide-of-allyl  vapor,  an  actinic  cloud  of  the  magnitude 
and  lominousness  of  Donati's  comet  might  be  manufactured. 
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ig  headed  ^*  Electricity  and  Galvanism  explained  on  the  Mechanical 
Theory  of  Matter  and  Motion."  The  second  is  *'  On  the  Natore  of 
Motion  and  the  Laws  and  Phenomena  of  its  Propagation.'*  The 
third  is  entitled  "  New  Views  of  the  Economy  of  Animal  Nature  in 
accordance  with  the  Theory  of  Matter  and  Motion."  These  titles 
indicate  the  character  of  the  writer's  thoughts.  With  a  good  deal 
of  nnavoidahle  error,  these  articles  display  in  many  cases  a  power 
of  penetration,  and  a  truth  of  insight,  altogether  remarkahle  for  the 
time.    Take  the  following  quotations  as  examples : 

*'  But  in  a  certain  variety  of  cases  transfer  of  motion  does  not 
produce  change  of  place ;  and  this  exception  gives  rise  to  a  new 
set  of  phenomena.  Thus,  if  two  bodies  moving  in  contrary  direc- 
tions impinge  against  one  another  in  a  line  which  Joins  the  centres 
of  their  masses,  the  disposition  to  change  the  place  in  both  is  de- 
stroyed, and  apparently  their  motion.  The  motion,  however,  in  such 
case  is  not  destroyed ;  but  only  changes  its  appearance,  and  is  im- 
parted to  the  atoms  of  the  body,  which  by  the  collision  are  thrown 
into  active  vibrations,  representing  the  previous  motions  of  the 
bodies.  Aggregate  motion  is  thus  converted  into  atomic  motions^  and 
these  give  rise  to  many  complicated  and  curious  phenomena,  as  in 
heat,  light,  and  gas." 

The  italics  are  here  the  author's  own.  Until  Mayer  and  Joule 
appeared,  more  than  twenty  years  subsequently,  nothing  comparable 
as  regards  precision  and  completeness  to  the  foregoing  statement,  to 
my  knowledge,  found  utterance.  Indeed,  some  of  the  phrases  em- 
ployed by  myself  might  fairly  be  regarded  as  having  been  copied 
from  this  anonymous  correspondent  of  the  Monthly  Magazine. 

The  second  one  of  the  articles  above  referred  to  is  thus  summed  up : 

"That  all  force,  all  weight,  and  all  power  of  bo<lies,  are  derived 
from  the  motion,  or  motions,  imparted  to  them  or  possessed  by  them. 
And  that  force,  weight,  and  motion,  are  convertible  terms  and  phys- 
ical synonymes. 

"  2.  That  every  force,  weight,  and  motion,  is  generated  locally 
by  its  own  set  of  proximate  causes  or  motions. 

"  3.  That,  although  motion  constantly  changes  its  subjects  and  its 
mode  of  exhibition,  yet  no  motion  is  either  lost  or  created,  bat  is  in 
constant  circulation  and  varied  appropriation. 

"4.  That  motions  of  aggregates  are  convertible  into  motions  or 
vibrations  of  atoms,  and  vice  vena;  the  mutual  conversion  producing 
many  classes  of  phenomena. 
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**  5.  Thai  actiofi  and  reactioiL,  inertia,  resistance,  and  friction,  are 
ao  manj  phenomena  of  parting  with  motion,  and  of  receiving,  and 
dividing  it  with  a  moving  bodj. 

**  S.  That  the  medium  in  which  a  bodr  in  atomic  motion  is  sit- 
nated.  conrers  awaj  the  atomic  motion,  till  the  excitement  ezoeedi 
ltd  powers  of  transmission ;  when  heat,  evaporation,  gaseous  pro- 
dnction,  light*  and  decomposition,  take  place  as  varieties  and  accel- 
erated degrees  of  atomic  motion. 

**  7.  That  atomic  motion  is  heat ;  and,  being  parted  with  from 
the  air  in  the  act  of  respiration,  creates  animal  heat  and  vital  action. 

**  8.  That  all  local  motions  on  the  earth  are  derived  from  the  de- 
flection of  the  earth*s  motions  **  [he  missed  the  part  plajed  by  tbe 
snnV  rajs],  '*  and  are  finallv  returned  to  the  earth. 

^  9.  Motion  in  all  these  inquiries  and  determinations  is  to  be  con- 
sideivd  as  the  se^wtMiafy  cause  of  the  sublime  agencj  of  Eternal  Om- 
ni[M>tence.'' 

In  hid  article  on  the  Economy  of  Animal  Nature,  he  says : 

''  Animals  consist,  therefore,  of  a  basis  of  bones  for  strength — of 
a  continuity  of  mu^^les  for  motion— of  a  medullary  system  of  brain 
and  nerves  for  sensation,  comparison,  and  retention— of  respiratory 
organs  for  appropriating  gaseous  atomic  motion — and  of  arteries  and 
veins  for  circulating  nutriment  and  excitation  to  the  whole. 

'*  A  steamboat  deriving  its  internal  energies  from  an  engine 
wrought  by  the  alternate  introduction  and  fixation  of  aqueous  gas, 
an«l  put  into  motion  by  the  n.»action  of  wheels  against  water  or  land, 
is  exactly  coarsely  analogous  in  all  its  operations  to  a  locomotive 
animal,  which  derives  its  eternal  energies  from  the  fixation  of  at- 
mospheric gas,  and  its  locomotion  from  the  reactions  of  the  feet  or 
bo<ly  against  the  earth/* 

Thus  do  great  questions  simmer  before  they  receive  complete  ex- 
l>ression. 


PRODUCTION  OF  FIRE   BY  SAVAGE& 

Extract^from  "Adventures  among  the  Dyaks  of  Borneo,"   by  F.  Botls. 
Tubiished  by  Hurst  &  Blackett,  1865,  pp.  67,  68. 

"Among  some  of  the  Dyak  tribes  there  is  a  manner  of  striking 
fire  much  more  extraordinary.     The  instrument  used  is  a  slender 
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oabe  of  lead  which  fits  tightl  j  in  a  case  of  bamhoo.  The  top  of  the 
oobe  is  hollowed  into  a  cop,  and,  when  fire  is  required,  tliis  cup  is 
filled  with  tinder,  the  leaden  piston  is  held  upright  in  the  left  hand^ 
the  bamboo  case  is  thrust  sharplj  down  over  it,  as  quicklj  with- 
drawn, and  the  tinder  is  found  to  be  alight.  The  natives  say  that 
no  metal  but  lead  will  produce  the  effect.  I  must  observie  that  we 
never  saw  this  singular  method  in  use,  though  the  officers  of  the 
ri\jah  seemed  acquainted  with  it." 


MORNING  CHILL  PRODUCING  SNOW  IN  A  ROOM. 

"  A  oumouB  phenomenon  might  also  be  observed,  at  Erzeroom, 
upon  the  door  of  one  of  the  subterranean  stables  being  open,  when, 
although  the  day  was  clear  and  fine  without,  the  warm  air  within 
immediately  congealed  with  a  little  fall  of  snow ;  this  might  be  seen 
in  great  perfection  every  morning  on  the  first  opening  of  the  outer 
door,  when  the  house  was  warm  from  its  having  been  shut  up  all 
night." 

^'  The  preceding  sentence  is  contained  in  a  work  by  the  Honor- 
able R.  Ourzon,  entitled  *  Armenia:  a  Tear  at  Erzeroom,  and  on  the 
Frontiers  of  Russia,  Turkey,  and  Persia,'  and  is  quoted  in  the  Athe- 
D8Bum,  8th  April,  1854,  p.  481,  and  Ist  column,  from  which  it  is  here 
transcribed."  [The  writer  of  these  lines  had  heard  me  give  Dove's 
account  of  a  fall  of  snow  in  a  Russian  ballroom  when  one  of  the 
windows  was  broken.     Hence  his  letter. — J.  T.] 
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thai  has  passed  through  air  and 
glass,  862. 
Air  not  warmed  by  passage  of  heat 
through,  364. 

—  dry,  transmission  of  heat  by,  892. 
feeble  dynamic  radiation  of,  16. 

—  —  dry,  powerful  ditto,  when  Tar- 
nished by  yapors,  458. 

—  difficulties  in  obtaining  perfectly 
pure,  890,  471. 

saturated  with  moisture,  calorific 
absorption  by,  474,  486. 

—  humid,  table  of  absorpti<m  by,  at 
different  pressures,  482. 

—  cause  of  slow  nocturnal  cooling  of^ 
647. 

—  distinction  between  dear  and  dry, 
492. 

—  from  the  lungs,  its  calorific  ab- 
sorption, 688. 

amount  of  carbonic  acid 

in,  determined,  640. 
Alcoh(^  expansion  of,  by  heat,  shown, 

97. 

—  evaporation  of,  produces  cold, 
186. 

Alps,  formation  and  motion  of  gla- 
ciers on,  221. 

—  the  evening  Alpen-glow,  772. 
Alum,  powerful  absorption  and  radia- 
tion of,  851,  854. 

—  number  of  luminous  and  obscure 
rays  transmitted  by,  870. 

America,  extreme  cold  of  east  coast 
of,  228. 

Ammonia,  powerful  absorption  of 
heat  by,  420. 

Amplitude  of  an  ether-particle,  838a. 

Amyl,  nitrate  of,  action  of  short  waves 
of  ether  upon,  742,  761. 

Ancient  glaciers,  evidences  of,  286, 
et  tea. 

Animal  substances,  table  of  conduc- 
tive power  of,  276,  277. 

Angular  velocity  of  reflected  ray  ex- 
plained, 828. 

Aqueous  vapor,  precipitated  by  rare- 
faction of  air,  28. 

—  —  cause  of  precipitation  of,  in  Eng- 
land, 215. 

use  of,  in  our  climate,  216,  492, 

644. 


Aqueous  vapor,  precipitation  of  less, 

east  of  Ireland,  217. 

definition  of,  467. 

amount  of,  in  atmosphere,  469. 

action  of,  on  radiant  heat,  470, 

et  seq.,  516,  and  Appendix  to  Chap. 

XI.  p.  844. 
absorpti<m  of,  in  air  obtained 

from  various  places,  480a. 
objections  to  experiments  on, 

answered,  472,  474,  484. 
cause  of  copious  precipitation 

of,  in  tropics,  488. 
effect  of  removal  of,  from  Eng- 
lish atmosphere,  492. 
absorbs  same  class  of  rays  as 

water,  496,  644. 
Asbestos,  cause  of  bad  conduction  of 

heat  by,  286. 
Asia,  cause  of  coldness  of  central 

parts  of,  492. 
Asteroids,  amount  of  heat  developed 

by  collision  of,  with  sun,  692. 
Atmosphere,  effect  of  its  pressure  on 

boiling-point,  137,  etteq, 

—  diminution  of  its  pressure  lowers 
boiling-point,  138. 

—  amount  of  aqueous  vapor  in,  469. 

—  action  of  aqueous  vapor  in,  on  radi- 
ant heat,  470,  480. 

— use  of  aqueous  vapor  in,  492. 
— absorption  of  solar  heat  by,  864. 
— ^the  earth's  radiation  through.  Ap- 
pendix to  Chap.  XI.  p.  344. 

—  its  influence  on  temperature  of 
the  planets,  646. 

Atoms,  collision  of  carbon  and  oxy- 
gen, 48. 

—  when  separated,  heat  consumed, 
159. 

—enormous  attractions  of,  99,  168. 

—  their  relative  weights,  161. 

—  possess  the  same  amount  of  heat, 
161. 

—  absorb  and  emit  same  rays,  672. 

—  entering  into  the  formation  of  mole- 
cules, 780. 

— forces  in  operation  between  every 
two  atoms.  732. 

Atomic  oscillations  of  a  body  in- 
creased by  heat,  68,  169. 

—  motion,  how  propagated,  61. 


518 


INDEX. 


rnw  Nomben  (except  wbera  p.  to  preflzsd)  rtlbr  to  the  FMSgnpha,  ead  not  to  tbe  Rifee. 


Atomic  forces,  power  of,  99,  158. 
— ^ODstitution,  influence  of,  on  ab- 
sorption of  heat,  42i. 

BACOK,  extract  from  8d  Book  of 
Nonim  Organnm,  Appendix  to 
Chap.  II.  pk  50. 

—  his  experiment  on  the  oompres- 
sioQ  of  water,  158. 

Bark  of  trees,  bad  oondnctive  power 

oC27i. 
Beeswax,  contraction  of,  in  cooling, 

120. 
Bell  jitnick  by  hammer,  motion  not 

kMt,  23. 
Bismuth,  expansion  of,   in  cooling, 

lt»2. 
Bisulphide  of  caiboo,  rapOr  of,  ignited 

by  compression,  25. 
transpareno  J  of,  to  heat,  848, 

853,  488,  507. 
Blagdcn  and  Chantrey,  their  exposure 

of  themselres  in  heated  oreos,  256. 
Blood,  heat  of,  whj  so  constant  in  ail 

climate^t,  256. 
Body,  cause  of  its  resisting  high  tem- 

peraturt»s,  256. 
Boiler-explosions,  134,  201. 
Boiling  of  water  by  friction,  Rumford^s 

experiments,  13,  and  Appendix  to 

Chap,  II.  p.  51. 
to  what  due,  135. 

—  point  of  water  raised  by  being  freed 
of  air,  131 

true  definition  of,  137. 

—  —  lowereii  by  ascending,  I3S. 

— > —  on    summit    of    Mont    Blanc, 

Monte  Ro5A,  etc.,  138. 
depends   on  external  pressure, 

139. 
B  iraoic  ether,  large  absorption  of  heat 

by  rapor  oC  438. 
table  of  dmamic  radiation  of 

vapor  of,  461. 
R^utigny.  M.,  his  experiments  on  the 

spheriudal  state  of  liquids,  200. 
water  first   frozen  in  a  red-hot 

on  I  oi  bio  bv,  202. 
Br.i.'i'S,  oxjiansion  oC  by  heat,  103. 
BriMth,  tho  human,  its  absorption  of 

heat  at  different  pressures,  588. 
a  physical  analysis  ot,  540. 


Breeie,  land  and  sea,  how  produced, 

212. 
British  Isles,  cause  of  dampness  o(^ 

215. 
Bromine,  opadtj  of,  to   li^t,  but 

transparency  to  heat  pror^  426. 
Bullet,  heat  generated  by  destmction 

of  its  motion,  45. 
Bunsen,    Prot,    description   of  his 

burner,  58. 

—  — his  determination  of  the  tempera* 
ture  of  Geysers,  146. 

his  Geyser-theoij,  148. 

Bunsen's  burner,  radiation  from  flame 

of,  through  rapors,  table,  528. 
Butyl,    nitrate  of,    action  of  short 

waves  of  ether  upon,  750. 

CALIBRATION  of  the  galranometer, 
Melloni^s  method  of.  Appendix 
to  Chap.  X.  p.  295. 
Calms,  regions  of,  214. 

—  case  of  torrents  of  rain  in  region 
of,  488. 

Calorescence,  experiments  on,  614, 
617. 

Caloric  prored  not  to  exist  by  Rum- 
ford  and  Davy,  20,  22. 

Calorific  power  of  a  body,  Rumford'i 
estimation  of,  179. 

Calorific  conduction,  three  axes  of,  ic 
wood,  271. 

of  liquids,  291. 

Candle,  combustion  of,  50. 

Capacity  for  heat,  different  in  different 
bodies,  18. 

explained,  means  of  deter- 
mining, 165. 

Carbon^itoms,  collision  of,  with  oxy- 
gen, 48. 

—  light  of  lamps  due  to  solid  particles 
of,  62,  527. 

—  amount  of  heat  generated  by  its 
combination  with  oxygen,  179. 

— diathermancy  of  the  bisulphide,  580. 

—  experiments  with  the  bisulphide, 
699. 

Carbonic  acid,  how  produced  by  com 
bustion,  49. 

solid,  properties  of,  190. 

power  of  radiation  and  absorp- 
tion possessed  by,  414,  585. 
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Carbonic  oxide,  table  of  absorption  of 

heat  by,  at  different  pressures,  411. 
flame,  radiation  fVom,  through 

carbonic-acid  gas,  635. 

defiant  gas,  586. 

human  breath,  638. 

Celestial  dynamics,  essav  by  Mayer  on, 

88,  602. 
Chantreyand  Blagden,  their  exposure 

of  themselTes  in  heated  ovens,  256. 
Chemical  combination,  its  effect  on 

radiant  heat,  426. 
Chilling  an  effect  of  rarefaction,  26. 

—  when  produced,  1519. 

—  by  radiation,  how  modified,  492. 

dew  an  effect  of,  662. 

Climate,  cause  of  dampness  of  Eng- 
lish, 216. 

—  mildness  of  European,  215. 

—  effect  of  aqueous  vapor  on,  215, 
492,  644. 

Clothes,  their  philosophy,  232. 
Clothing,  conductiyity  of   materials 

used  in,  288. 
Clouds,  cause  of  generation  of,  489. 

—  composition  of,  224. 
Coal-mines,  cause  of  explosions  in,  289. 
Coefficient  of  expansion  of  a  gas,  69. 
linear,  superficial  and  cubic, 

explained,  with  table.  Appendix  to 
Chap.  IIL  p.  85. 

Cohesion,  force  of,  lessened  by  heat, 
69. 

Cohesion  of  water  increased  by  re- 
moval of  air,  181. 

Cold,  effect  of,  on  thermo-electric  pile, 
4. 

—  produced  by  rarefaction,  28. 

—  produced  by  the  stretching  of  wire, 
109. 

—-of  snow  and  salt,  184. 

•—  generated  in  passing  from  the  solid 

to  the  liquid  state,  182. 
— from    the    liquid    to  the 

gaseous  state,  186. 

—  —  by  stream  of  carbonic  acid,  189. 

—  conduction  of,  264. 

—  apparent  reflection  of  rays  of,  333. 
Colding,  his  researches  on  the  equiva- 
lence of  heat  and  work,  38,  note. 

Collision  of  atoms,  heat  and  light  pro- 
duced by,  67. 


Color,  physical  cause  of,  817,  846. 

—  Influence  of^  on  radiation,  841. 

—  of  sky,  possible  cause  of,  496 
758a. 

— Dr.  Franklin's  experiments  on  the 
absorption  and  heat  of  various  col- 
ors, 484. 

Combustion,  effect  of  height  on,  66. 

—  Dr.  Frankland's  memoir  on,  66. 
— theory  of,  67. 

—  of  gases  in  tubes,  sounds  produced 
by,  paper  on.  Appendix  to  Chap. 
Vni.  p.  244. 

Cometary  theory,  the,  p.  606. 

Compounds  good  absorbers  and  ra- 
diators, cause  of,  424. 

Compressed  air,  expansion  of^  pro- 
duces cold,  16. 

Compression,  heat  generated  by,  7. 

Condensation,  congelation,  and  com- 
bination, mechanical  value  of  each 
in  the  case  of  water,  181. 

—  effect  of,  on  specific  heat,  171. 

—  of  aqueous  vapor  in  tropics,  cause 
of,  488. 

by  mountains,  ditto,  491. 

—  and  congelation  promoted  by  water 
in  its  di&rent  states,  491. 

Conduction  of  heat  defined 'and  illus- 
trated, 242. 

not  the  same  in  every  sub- 
stance, 244. 

by  metals,  147. 

experiments  of  Ingenhausz, 

246. 

Despretz's  method  of  observ- 
ing, 247. 

by  different  metals  deter- 
mined by  MM.  Wiedemann  and 
Franz,  247. 

by  crystals,  268. 

Conduction  of  heat  by  wood  in  differ- 
ent directions,  table,  269. 

by  bark  of  various  trees, 

table,  272. 

importance  of  knowing  *  spe- 
cific heat  in  experiments  on,  279. 

by  liquids,  291. 

by  hydrogen  gas,  292,  295. 

—  of  cold,  illustrations  of,  264. 

—  power  o(^  not  always  the  same  in 
every  direction,  268. 
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ConductiTitj  of  meiak,  table,  247. 

crysUJs  and  wood,  268,  et  teq. 

wood  in  three  directions,  table, 

269. 

bark  of  rarions  trees,  ditto,  272. 

organic  structures,   ditto,   275, 

277. 

woollen  textures,  ditto,  28a. 

liquids  and  gases,  291. 

Conductors,  withdrawal  of  heat  by, 

287. 

—  good  and  bad,  defined,  244. 
Gonserration  of  force  shown  in  steam- 
engine,  9, 140. 

— — energy,  law  of,  156. 
Ck>Dtraction,  genendly  the  result  of 
solidification,  120. 

—  of  India-rubber  by  heat,  112. 
Gonvection  of  heat  defined,  221. 

examples  of;  222. 

by  hydrogen,  298. 

Cooling  a  loss  of  motion,  297,  619. 

—  effect  of  air  and  hydrogen  on 
heated  bodies,  292. 

—  how  it  may  be  hastened,  188,  842. 
Cryophoru8,  or  ice-carrier,  187. 
Crystals,  expansion  of,  108. 

—  of  ice,  1 27. 

—  of  snow,  225. 

—  difference  of  conductivity  in  dif- 
ferent directions,  258. 

Cumberland,  traces  of  ancient  gla- 
ciers in,  238. 

Currents,  aerial,  how  produced,  206. 

— upper  and  lower,  in  atmosphere, 
209. 

DAVY,  Sir  11.,  bis  views  of  heat, 
13,  23,  61. 

discharges  a  gunlock  in  vacuOy 

11. 

his  experiment  on  the  lique- 
faction of  ice  by  friction,  22. 

first  scientific  memoir,  Ap- 
pendix to  Chapter  III.  p.  87. 

—  J his  "  Chemical  Philosophy," 

referred  to,  29. 

investigation  of  flame,  48. 

discovery    of    the    safety. 

lamp,  289. 

"■ experiment  on  the  passage 

of  heat  through  a  vacuum,  297. 


De  la  Rive  and  De  CandoUe  on  con- 
duction of  wood,  269,  272. 

Density,  point  of  maximnmi  in  water, 
98. 

—  of  gas,  relation  of  absorptkm  to^ 
400. 

l>espreti;,  his  experiments  on  the  eoo- 
ductivity  of  solids,  247 ;  of  liqaida, 
291. 

Dew,  Dr.  Wells^s  experiments  on,  and 
theory  of,  648,  et  mq, 

—  cause  of  deposition  o(  652. 

—  a  still  night  necessary  for  the  for> 
mation  ot^  668. 

Diamond,  Newton^s  opinion  ol^  48w 

—  combustion  of,  in  oxygen,  48w 
Diathermancy    explained    and    illus- 
trated, 860. 

—  not  a  test  of  transparency,  861, 867. 
Dilatation  of  gases  effected  without 

chilling,  94. 

—  remarks  on.  Appendix  to  Chap. 
III.  p.  86. 

Distillation,  locomotive  force  com- 
pared to,  9. 

Donny,  M.,  his  experiments  on  water 
purged  of  air,  182. 

Dove,  Prof.,  quotation  from  his  work, 
209. 

Drying  tubes,  diflSculties  in  selecting 
and  obtaining,  S90,  471. 

Dynamic  energy  defined,  154. 

—  radiation  and  absorption,  dis- 
covery of,  447. 

of  gases,  table  of,  466. 

vapors,  ditto,  469 

boracic  ether  vapor, 

table,  461. 
in   different  lengths    of 

tube,  466. 
Dynamical  theory  of  heat,  20. 

EARTH,  amount  of  heat  that  would 
be  generated  by  stoppage  of  its 
motion,  46 ;  by  falling  into  the  sun, 
46;  by  resisting  the  rotation  of, 
702. 

—  crust  of,   thicker   than  generally 
supposed,  122. 

»-  its  rotation  and  shape,  effect  of,  on 
trade-winds,  207,211. 

—  time  required  to  cool  down,  706. 
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Earth,  all  the  energies  of^  due  to  the 
sua,  707. 

Earthquake  at  Caracas,  210. 

Elective  power  possessed  by  bodies 
with  regard  to  rays  of  light  and 
beat,  348. 

Electric  light,  rise  in  intensity  of 
the  obscure  rays  of  the,  567. 

— sifting  the,  577. 

Electricity  and  heat,  their  relation- 
ship shown  in  the  conductivity  of 
various  bodies,  260. 

—  current  of,  increased  by  cooling 
conducting  wire,  252. 

Elementary  bodies,  table  of  their 
specific  heats,  166,  169. 

Elements,  bad  absorbers  and  radia- 
tors, 419,  424,  el  neq. 

Emission  theory  of  Newton,  303. 

Energy,  mechanical,  converted  to 
heat,  9. 

—  potential  or  possible,  defined,  154. 

—  dynamic  or  actual,  diitto,  154. 

—  potential  and  dynamic,  sum  of, 
constant,  165. 

—  all  terrestrial,  due  to  the  sun, 
707. 

England,  cause  of  even  temperature 

of,  216,  228. 
Equatorial  ocean,  winds  from,  cause 

the  dampness  of  England,  216. 
Equivalent^  mechanical,  of  heat,  38, 

elweq, 

how  calculated,  76,  H  teq. 

Ethw,  sulphuric,  cause  of  the  cold 

produced  by  its  evaporation,  186. 
absorption  of  heat  by  vapor 

o^  at  different  pressures,  404. 
by  different  measures 

of  vapor  oCy  407. 

—  the  luminiferous,  mode  of  trans- 
mission of  fight  and  heat  by,  806. 

'_ fills  aU  space  and  penetrates 

all  bodies,  846. 

the  power  of  imparting  mo- 
tion to  and  accepting  motion  from, 
are  proportional,  343,  354,  415. 

•— action    of   ether-waves    of 

short  period  upon  gaseous  matter, 
726-738. 

— mode  of  experiment,  741. 

invisibility  of,  748. 


Euler,  his  argument  for  the  undula- 

tory  theory  of  light,  808. 
Europe  the  condenser  of  the  Atlantic, 

224. 

—  cause  of  mildness  of  climate  of, 
215,  223.  - 

Evaporation  produces  cold,  186. 

—  water  frozen  by,  187. 
Exchanges,  Prevost's  theory  of,  819. 
Expansion  of  volume,  59. 

gases  by  heat,  67. 

coefficient  of;  69.  * 

—  without  performing  work, 

•  94. 

liquids  by  heat,  97. 

water  in  freezing,  98. 

use  of;  in  Nature,  101. 

alcohol  by  heat,  97. 

water  by  Aeo/,  98. 

cold,  98. 

bismuth  in  cooling,  102. 

solid  bodies  by  heat,  103. 

lead,  curious  effect  of,  107. 

crystals,  108. 

Expansive  force  of  heat,  66. 
Explosions  of  steam-boilers,  184. 
possibly  due  to  the  sphe- 
roidal state,  201. 

—  in  coal-mines,  cause  of,  289. 
Extra -red    and    extra -violet    rays, 

818. 

FARADAT,  his  discovery  of  mag- 
neto-electricity, 18. 
.—  —  experiments  on  melted  ice,  138. 

discovery  of  the  regelation  of 

ice,  232. 

—  mercury  first  frozen  in  a  red-hot 
crucible  by,  202. 

Fibre  of  wood,  power  of  conduction 

of  heat  by,  271. 
Fire  produced  by  friction,  1 1. 
by  savages,  p.  514. 

—  syringe,  25. 

—  balloon,  68. 

—  screens  of  glass,  action  of,  363. 
Flame,  constitution  of,  49,  et  tteq. 

—  cause    of    its    inability    to    pass 
through  wire  gauze,  288. 

Flames,  singing,  paper  on.  Appendix 
toChap.  VIII.  p.  237. 

—  —  Coimt    Schaffgotsch^s    cxpeii- 
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Toe^jfoaSkiaf,  upfttnhmij  of 

m&t  hMt  to,  Mft. 
|<w<-poandi.  CEphiMtioii  o^  M. 
ror^.<A.  Prot  J.  D^  hb  Tiscon 

of  i<«.  2S^ 
Force  of  Iteat  m  exponding  botfies, 

—  Tital.  ««ppoe«d  eoaierrathre  action 
oC257. 

Forvis,  nx4ecixlar.  cnergT  oC  99,  1S8. 

—  polar.     bcAt     required    to    orcr- 

cofoe,  l*■^, 

—  coorerdbOitT  of  natoral,  remarks 
€•«.  p.  5"S. 

Fra::kli=«l   Dr^  his  experiments  on 

Franklin,  Dr.,  his  experiment  on  col- 
ors. ^U. 
Fra  inhr  fifr's  Iin«$.  6T7. 
Frwzirt^,  effect  oC  on   vater- pipes, 

—  point  lowered  br  presi^nre,  123. 

—  of    water    prodaced    br   its  own 
evaporanon.  187. 

—  t.>seiher  of  pieces  of  ice,  231. 
Friction,  generation  of  heat  br.  6. 

—  against  ^pace,  beat  dereloped  br, 

Fn>!4.   means   of   preserving    plants 
frvHn,  6M. 

—  oaa<e  of  their  preserration,  654. 
Fusible  alloT  liquefied  br  rotation  in 

mapxHic  fidd.  36. 
Fusion,  point  oC  effect  of  pressure  on, 
121. 

i 

p  ALVAXOMFTER  described,  3.        i 

vT     —  note  on  the  construction  of,  ; 

Appendix  to  iTiap.  I.  p.  18.  • 

—  peculiaritT  of,  in  high  deflections,  j 
87ii. 

—  llelKini*8  method   of   calibrating, 
Ap^KSidix  to  Chap.  X.  p.  295. 


Gas,  carbonic  add,  libeniion  of,  from 
soda-water,  ooDsames  beat,  16. 

combustioB  of;  49. 

Gas,  flhmiinatiBg  power  of^  U. 

—  eoeffident  of  expansion  o^  69. 

—  absorbs  those  rajs  which  it  cauts, 
411. 

—  radiation  fipom  A  Imniioas  Jot  of^ 
626. 

Gaseous  condition  of  matter,  60. 
Gases,  constitution  of,  62,  66. 

—  rdocitT  of  particles  ni,  64. 

—  expansion  oiy  by  heat,  67. 

—  specific  heat  of  sinqile  and  com- 
pound, 169,  et  mq. 

—  conductiritj  of^  291. 

—  fint  experiments  on  dieir  absorp- 
tion of  heat,  S72. 

—  mode  of  experiment  improred,  887. 

—  different  powers  of  accepting  mo- 
tion from  the  ether,  or  difference  in 
absorption  possessed  bj,  397,  412. 

—  different  powers  of  imparting  mo- 
tion to  the  etho',  or  <Ufferenoe  in 
radiation  possessed  by,  413. 

—  table  of  dynamic  radiation  of,  455. 

—  cb«nioal  action  of  short  wares  of 
ether  upon,  725,  738. 

Gassiot,  iron  cylinders  burst  by,  99. 

Gauxe  wire,  cause  of  its  stopping  pas- 
sage of  flame,  288. 

Geyser,  the  great,  of  Iceland,  descrip- 
tion of;  142. 

—  Bunsen's  theory  of,  145. 

—  produced  in  lecture  room,  148. 

—  its  history,  151. 
Glaciers,  formation  of,  228. 

—  motion  of,  described,  229. 

—  point  of  swiftest  motion  shifts,  229. 

—  their  daily  rate  of  motion,  229. 

—  riscous  theory  of,  230. 

—  regelation  ditto,  232. 

^  ancient,  eridences  of,  in  Tarious 

places,  236,  H  9eg. 
hypothesis  to  account  for,  239, 

€i  9eg, 

—  cold  alone  cannot  produce,  240. 
Glaisher,  his  table  of  nocturnal  radia- 
tion, 657. 

Glass,  why  cracked  by  hot  water, 
K»5. 

—  broken  by  a  grain  of  quarts,  106. 
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Glass,  opacity  of,  to  heat,  849. 

—  absorption  of  heat  by  different 
thicknesses  of,  856. 

—  fire-screens,  use  and  phOosophy 
of,  868. 

Omelin,  his  definition  of  heat,  17. 
Gore,  his  experiments  on  reyolving 

balls,  118. 
Gravity,  velocity  imparted  to  a  body 

by,  44. 
Grease,  philosophic  use  of,  on  wheels 

and  axles,  9. 
Gulf  Stream,  228. 
Gypsum,  powdered,  bad  conduction 

of  heat  by,  285. 

HARMONICA,  chemical,  801. 
Heat  and  cold,  opposite  effects 
upon  thermo-electric  pile,  4. 

Heat,  generated  by  mechanical  pro- 
cesses, 5. 

friction,  6,  18. 

— compression,  7. 

^  —  percussion,  8. 

falling  of  mercury  or  water, 

8. 

—  consumption  of,  in  work,  15. 

—  nature  of,  17,  20,  61. 

—  a  maiion  of  ultimate  particles,  20. 

—  considered  thus,  by  Locke,  20. 
Bacon,  20. 

—  considered  a  motion  of  ultimate 
particles  by  Rumford,  18,  28. 

Davy,  28. 

—  developed  when  air  compressed, 
25. 

motion  of  abr  stopped,  16, 

27. 
by  rotation  in  magnetic  field, 

86. 

—  mechanical  equivalent  of,  88,  76, 
91. 

•—  proportional  to  height  through 
which  a  body  falls,  40. 

—  relation  of,  to  velocity,  42,  46. 
•»  an  antagonist  to  cohesion,  59. 

—  of  friction,  Rumford*8  essay  on  the 
source  of.  Appendix  to  Chap.  II.  p. 
51. 

—  ayfafuion  of  gases  by,  67. 

liquids  by,  97. 

solids  by,  108. 


Heat  imparted  to  a  gas  under  constant 

pressure,  69. 
at  constant   volume, 

73. 

—  produced  by  stretching  India-rub- 
ber, 110. 

—  direct  conversion  into  mechanical 
motion,  117. 

—  developed  by  electricity,  118,  261. 

—  performance  of  work  by,  in  steam- 
engine,  140. 

—  M.  Uim^s  experiments,  140  6,  et 
seq. 

—  power  of,  in  expanding  bodies,  158. 

—  two  kinds  of  motion  produced  in 
bodies  by,  159. 

—  interior  work  performed  by,  160. 

—  consumed  in  forcing  atoms  asim- 
der,  157,  189. 

—  generated    by  atoms    falling    to- 
gether, 160. 

—  quantity  jrieldcd  up  by  different 
bodies  in  cooling,  164. 

—  apeeifiCj  165,  et  tea. 

—  causes  change  of  state  of  aggre- 
gation in  bodies,  176. 

—  lateniy  of  water,  steam,  and  aque- 
ous vapor,  1 76,  et  ttq.^  240. 

definition  of,  177. 

—  generated  in  passing  from  liquid 
to  solid  state,  185. 

—  cause  of  more  equal  distribution 
of,  215,  228. 

—  convection  of,  221. 

—  necessary  for  the  production  of 
glaciers,  241. 

—  distinction  between  it  and  ordinary 
motion,  242. 

—  conduction  of,   defined   and  illus- 
trated, 248. 

not  equal  in  all  substances, 

244. 

—  method  of  determining  ^he  con- 
ductibility  of  bodies  for,  247. 

—  and    electricity,    relationship    of, 
250. 

—  motion,  of,  interferes  with  the  mo- 
tion of  electricity,  262. 

—  conversion  of,  into  potential  ener- 
gy, 256. 

—  difference  of  conductivity  of,   in 
crystals  and  wood,  258,  tt  acq. 
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Ice,  regelatioD  theory  of,  232. 
-^  moulded  by  pressure,  234. 

—  its  absorption  of  heat,  851,  365. 

—  artificial  formation  of,  by  noctur- 
nal radiation,  655. 

—  this  theory  supplemented,  655. 

—  amount  melted  per  minute  by 
solar  radiation,  Herscbel  and  Pou- 
illet's  measurements,  681. 

—  amount  melted  per  hour  by  total 
emission  of  sun,  686. 

Iceland,  geysers  of,  142. 
India-rubber,  stretching  of,  produces 
heat,  110. 

—  —  contraction  of,  by  beat,  112. 
Ingenhausz,  his  experiments  on  the 

conduction  of  heat,  246. 

Intensity  of  light  and  heat,  to  what 
due,  534. 

Interior  work,  different  kinds  of,  168. 

performed  by  heat,  160. 

Iodine  dissolved  in  bisulphide  of  car- 
bon, diathermancy  of^  430,  582,  et 
»eq. 

—  diathermancy  of  solvents  of,  597. 
Ireland,  more  rain  on  west  side  than 

on  east,  219. 

—  traces  of  ancient  glaciers  in,  238. 
Iron  bottle  burst  by  freezing  water,  99. 

—  expansion  of,  by  heat,  104. 

—  presence  of,  in  sun,  proved,  588. 
Isothermal  line  runs  north  and  south 

in  England,  228. 
Ivory,  bad  conductivity  of^  275. 

JOULE,  Dr.,  his  experiments  on 
the  mechanical  equivalent  of 
heat,  18,  84,  el  seq. 

heat  and  work,  37. 

magneto-electricity, 

84. 

the  shortening  of  in- 
dia-rubber by  heat.  111. 

explains  heat  of  meteorites,  12. 

his   experiments  on    the  cold 

produced  by  stretching  wires,  109. 

KNOBLAUCH,      explanation      of 
Home  of  his  results,  548. 
Kopp,    Professor,   his   determination 
of  the  cubic  coefficients  of  expan- 
sion. Appendix  to  Chap.  IIL  p.  86. 


LAMP-BLACK,  anomalous  deport- 
ment of,  427. 

—  radiation  of  heat  through,  867, 
428. 

from,  524. 

Land  and  sea  breezes,  how  produced, 

212. 
Landscape  colors,  siftings  of  light 

in,  777. 
Latent  heat  of  water,  26,  177,  240. 

mechanical  value  of,  181. 

Uquids,  182. 

vapors,  186. 

Lead  ball  heated  by  collision,  40. 

—  curious  effect  of  expansion  of, 
107. 

Leidcnfrost,  first  observer  of  the 
spheroidal  state  of  liquids,  199. 

LcsIic^s  cube,  radiation  from,  840, 
524. 

—  icthrioscope,  498. 

—  observations  explained,  494. 
Light  produced  by  fiiction  of  quartz, 

il. 

—  of  lamps,  to  what  due,  49. 

of  gas  destroyed  when  mixed  with 
air,  52. 

—  law  of  diminution  with  distance, 
885. 

—  theories  of,  803. 

—  analogy  of  sound  to,  808. 

—  propagation  and  sensation  of,  305. 

—  reflection  of,  822. 

—  action  of,  on  chlorine  and  hydro- 
gen, 329. 

—  undulations  of  transversal,  829. 

—  capacity  to  produce,  788. 

—  silling  of  a  beam  of,  744,  777. 

—  substances  not  hitherto  known  to 
be  chemically  susceptible  to,  749. 

—  polarization  of,  explained,  78^. 

—  chemical  value  of  sky-light,  780. 
Lime-light,  dark  rays,  experiments  on, 

626. 
Liquefaction  of  ice  by  friction,  22. 

pressure,  125. 

Liquid  condition  of  matter,  59. 
Liquids,  changing  to  solids  produ 

heat,  185. 

—  expansion  of,  by  heat,  97. 

—  the  spheroidal  state  of,  198. 

—  conductivity  of,  291. 
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Liquid^  cftlorific  transmission  of,  Mel- 
loni's  tabic,  858. 

—  apparatus  for  determining  their 
absorption  of  heat  at  different 
thieknesses,  500. 

—  uble  of  absorption  of  heat  by, 
506. 

—  and  their  rapors,  order  of  their 
absorption  of  heat,  510«  514. 

LloTd,  Dr.,  his  tables  of  rain£dl  in 

Ireland,  217. 
Locke,  his  Tiew  of  heat,  20. 
Luminous    and    obscure    radiation, 

870. 

MAGNETIC  field,  apparent  viscos- 
ity of;  82. 
Magnus,  Professor,  his  experiments 
on  gaseous  conduction,  291. 

the   conductivity  of 

hydrogen,  294. 
Material  theory  of  heat,  17. 
Matter,  liquid  condition  of,  59. 

—  gaseous  ditto,  60. 
Maximum  density  of  water,  98. 
Mayer,    Dr.,    eompares    locomotive 

force  to  di£it  illation,  9. 

enunciates  the  relationship  be- 
tween heat  and  work,  87. 

his  calculation  of  the  heat  that 

would  be  prt>duced  by  stoppage  of 
earth's  motion,  46. 

mechanical    equivalent    of 

heat,  82. 

essay  on  celestial  dynamics, 

referred  to,'88,  698. 

meteoric  theory  of  sun's  heat, 

698. 
eUvted  to  the  French  Academy, 

p.  2.SS,  mie^ 
Mtx'hanical  processes,  generation  of 

htSHt  by,  5. 

—  work,  consumptiiHi  of  heat  in,  16. 

—  tlu»ry  of  heat,  20. 

—  equivalent  of  heat,  88. 
Maver^s    determination, 

ST,  81. 
«TouIe's     determination, 

Moidingt^r.    M.,   his    experiments  on  . 

Of  one,  444,  mofr.  j 

MWkMH,   his    mode  of   proving    the  , 


dhninution  of  heat  as  the  sqoais 
of  the  disunce,  888. 
Melloni,  his    researches   on  ladisBt 
heat,  850. 

—  his  table  of  the  tnnffmimiiim  of 
heat  through  solids,  851. 

table  of  the  transmiirion  of 

heal  throu(^  liquids,  858. 

—  source  of  error  in  his  experimenli 
on  transmission  of  heat  thnragh 
fiqnids,  499. 

—  his  theory  of  serein,  495. 

—  explanation  of  some  oi  his  results, 
551. 

—  his  addition  to  the  theory  of  dew, 
660. 

experiments  on  the  wannth  of 

the  lumar  rays,  661. 
Mercury,  low  specific  beat  of,  168. 

—  frozoi  by  solid  carbonic  acid,  192. 

in  red-hot  crucible,  208. 

Metals,    good    conductors    of   heat, 

245. 

—  bad  radiators,  340. 

—  al>sorbcr8,  346. 

—  eftect  of  their  bad  radiation,  668. 

—  bands  seen  in  spectra  of  their  va- 
pors, 664. 

—  presence  of  terrestrial,  in  sun, 
proved,  679. 

Meteorology,  absorption  of  heat  by 
aqueous  vapor  applied  to  phenom- 
ena of,  487,  et  seq. 

Meteors,  zodiacal  light  supposed  to 
be,  47,  691,  699.    • 

—  number  of,  seen  in  Boston,  690. 

—  amount  of  heat  generated  by  col- 
lision of,  with  sun,'692. 

—  sun's  light  and  heat  possibly  kept 
up  by,  693. 

Miller,  Dr.,  on  rays  of  burning  hydro- 
gen, 647. 

Mitscherlich,  Prof.,  his  experiments 
on  the  expansion  of  crystals,  108. 

Molecular  motion,  heat  defined  as,  20, 
68,  242. 

—  vibration  of  a  body  more  intense 
when  heated,  68. 

—  forces  irresistible,  99. 

power  of,  1 68. 

calculated,  180. . 

—  action  in  wood,  effect  of,  1271. 
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Moleculefl,  their  motions  as  wholes, 

780. 
Mongolfier,  equivalence  of  heat  and 

workf  maintained  by,  87. 
Moon-blindness,  cause  of,  664. 

—  -beams,  cause  of  their  putrefying 
power,  6S4. 

—  experiments  on  warmth  of,  405. 

—  obMure  heat  of,  cut  off  by  our 
atmosphere,  465. 

Moraines  of  ancient  glaciers,  cedars 
of  Lebanon  grow  on,  288. 

Mosely,  Rev.  Canon,  curious  effect  of 
expansion  noted  by,  107. 

Motion,  heat  considered  to  be,  by 
Bacon  and  Locke,  20 ;  by  Rumford, 
13;  by  Davy,  18,  28. 

->-  transference  of,  from  mass  to  mole- 
cules, 23,  58. 

-^-  point  of  maximum,  in  a  glacier, 
229. 

Mountains,  their  action  as  condensers, 
explained,  490. 

Moving  force,' amount  of  heat  pro- 
duct by  destruction  of,  40. 

produced  by  steam,  140. 

or    dynamic    energy,    defined, 

154. 

NATURAL  philosopher,  his  voca- 
tion, 102. 

Nature,  adaptation  of  means  to  ends 
h^  102. 

N6v6,  the  feeder  of  the  glacier, 
228. 

Newton,  his  opinion  of  the  diamond, 
48. 

theory  of  light,  803. 

Nitrogen,  velocity  of  particles  of, 
64. 

Nitrous  oxide,  absorption  and  radia- 
tion of,  414. 

dynamic  radiation  of,  455. 

—  acid  gas,  bands  produced  by  spec- 
trum of,  671. 

Nocturnal  radiation,  artificial  forma- 
tion of  ice  by,  655. 

—  —  experiments  on,  by  Wells, 
GlaiHher,  and  others,  650,  657. 

Novum  Organ uin,  extract  from  2d 
book  of,  Appendix  to  Chap.  II.  p. 
60. 


OBSCURE  HEAT,  rays  of,  obey 
same  laws  as  light,  828. 

ratio  of,  to  luminous  rays  from 

different  sources,  870. 

Ooean,  influence  of,  on  temperature, 
175. 

defiant  gas,  athennanoy  of,  898, 
421. 

table  of  absorption  by,  at  differ- 
ent pressures,  897,  686. 

by  various  measureii, 

402. 

radiation  of,  414. 

dynamic  radiation  of,  466. 

varnishing  metal  by,  467. 

Optic  nerve,  effect  of  heat  rays  on, 
612a. 

—  —  effect  of  invisible  rays  on,  648. 
Organic  motion,  extracts  from  a  paper 

by  Mayer  on,  88. 

—  structures,  table  of  conductivity  of, 
276. 

Oxygen,  collision  of  atoms  of,  with 
carbon,  48;  with  hydrogen,  180. 

—  velocity  of  particles  of,  64. 

—  small  absorption  of  heat  by,  892, 
421. 

Ozone,  action  of,  on  radiant  heat, 
44L 

—  increase  of,  by  radiation  in  size  of 
electrodes,  443. 

—  probable  constitution  of,  446. 

PARABOLIC  mirrors,  reflection  of 
light  and  heat  from,  828,  e(  tteq. 
Particles,  impact  of,  causes  sensation 
of  heat,  65. 

—  ultimate,  motion  of,  produces  heat, 
20. 

Percussion,  heat  generated  by,  8. 
Perfumes,  how  propagated,  62. 

—  table  of  absorption  of  heat  by, 
487. 

Period,  heat  and  light  diffbr  only  in, 
617. 

—  influence  of,  on  absorption,  617. 

—  determines  the  quality  of  heat 
emitted  by  bodies,  518. 

Periods,  vibrating,  of  formic  and 
sulphuric  ether,  524. 

of  a  hydrogen-flame,  547. 

shortening  of,  547. 
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Eendn,  his  plastic  theory  of  ice,  285. 

Resistance,  heat  of  dectric  current 
proportional  to,  261. 

BeUna  of  the  eye,  question  whether 
the  inviBible  rays  emitted  by  lumi- 
nous sourees  reach  the,  648. 

BeTolTing  balls,  Gore's  experiments 
on,  118. 

Kfle-ball,  anxNinl  of  heat  generated 
by  stoppage  of  its  motion,  46. 

Becker  used  in  the  Trerelyan  instru- 
ment, 114. 

Bock-salt,  transparency  of,  to  heat, 
849,  861. 

—  Qse  o(  in  experiments  on  absorp- 
tion of  heat  by  gases,  878. 

—  hygroscopic  character  of^  471. 

—  deposition  of  moistare  on,  aroided, 
472. 

—  cell,  described,  600. 

Boscoe,  Prat,  his   experiments   on 

sky-fi^dit,  780. 
Bmnford,  Connt,  his  experiments  on 

heat  produced  by  fnctioo,  18,  and 

Appendix  to  Chap.  IL  p.  61. 
— orertlirow  of  the  material 

theory  of  heat,  20. 

—  —  abstract  of  his  essay  on  heat. 
Appendix  to  Chap.  II.  p.  61. 

—  —  his  estimation  of  Uie  calorific 
power  of  a  body,  1 79. 

—  —  «»  eiqperiments  on  the  conduc- 
ttTHy  of  clothing,  288. 

—  — liquids    and 

gMes,  291. 

— transmission     of 

heat  through  a  vacuum,  297. 
Bapert*s  dropis,  106. 

SAFETT  LAMP,  explanation   and 
use  of,  890. 
fish  and  sugar,  dissolving  of,  pro- 
duces cold,  188. 

—  common,  yellow  bands  emitted 
and  absorbed  by  vapor  of,  418. 

SoentSi  action  o^  on  radiant   heat, 

4W. 
Sdialll^otsdi,  Count,  his   paper   on 

aoo^tio  experiments,  Appendix  to 

Chap.  ym.  p.  244. 
SdiemnitK,  machine  for  compression 

of  afar  at,  29. 


Schwartz,  his  observation  of  sound 

produced  by  cooling  silver,  113. 
Sea  warmer  after  a  storm,  8. 

—  breeze,  how  produced,  212. 
S^uin,  equivalence  of  heat  and  work 

devdoped  by,  87. 
Selenite,  absorption  of  heat  by  diffe^ 
ent  thicknesses  of^  868. 

—  colors  off  769. 

Senarmont,  his  experiments  on  the 
conduction  of  heat  by  crystals, 
268. 

Serein,  Me11om*s  theory  of,  496. 

Shooting-stars,  tljeory  of,  11. 

Silica,  water  of  Geysers  contains  and 
deposits,  148. 

—  as  crystal,  high  conductive  power 
of,  278. 

—  as  powder,  low  ditto,  286. 
Singing  flames,  801. 

paper  on.  Appendix  to  Chap. 

Vni.,  pp.  287-244. 

Sky,  color  of,  496. 

causes  of,  768a,  761,  762. 

natural  and  artificial  azure  com- 
pared, 767. 

—  chemical  value  of  sky-light,  780.  « 
Snow,  shower  of,  produced  by  issuing 

of  compressed  air,  29. 
— by  chill  in  a  room,  p.  667. 

—  carbonic  acid,  189. 

—  crystals,  226. 
•—  line,  the,  226. 

—  formation  of  glaciers  from,  227. 

—  ball,  cause  of  coherence  of,  288. 

—  bridgen,  how  crossed,  233. 

—  squeezed  to  ice,  234. 

Sodium,  yellow  bands  emitted  and  ab- 
sorbed by  vapor  of,  673,  676. 

Solar  spectrum,  cause  of  dark  lines 
in,  677. 

—  rays,  dark,  discovery  of^  667, 
660. 

visible  and  invisible,  669. 

ray-filters,  676. 

thermal  image  rendered  lumi- 
nous, 689. 

combustion  and  incandescence 

by  dark  solar  rays,  692. 

Solidification  accompanied  by  expan- 
sion, 98. 

contraction,  120. 


INDEX. 


531 


Tke  Nambers  (exoopt  where  p.  is  prefixed)  refer  to  the  Pftragraphs,  and  not  to  tbe>Pligas. 


Temperature,  iuflucnce  of,  on  trans- 
mission, 522. 

—  diflSculties  in  ascertaining  the  troe, 
663. 

Teoerifib,  Peak  of,  two  currents  blow 
on,  216. 

Thermal  effects  producd  by  stoppage 
of  motion,  24,  89. 

Thermo-electric  pile,  8. 

note  on  the  coDstruction  of, 

Appendix  to  Chap.  I.  p.  16. 

— used  in  researches  on  ra- 
diant heat,  807. 

—  RuhmkorfiTs,  668. 
Thermograph  of  coal-points,  604. 
Thermometer,  construction    of,   Ap- 
pendix to  Chap.  III.  p.  86. 

Thickness,  influence  of,  on  absorp- 
tion of  heat,  867. 

Thomson,  Professor  Sir  William,  on 
earth's  crust,  101,  122. 

his  suggestion  that  India- 
rubber  would  shorten  by  heat, 
111. 

—  — meteoric  theory  of  the 

sun,  47. 

tables  of  energy,  702. 

—  Professor  James,  on  the  influeuce 
of  pressure  on  fusion,  124. 

Tidal  wave,  velocity  of  earth's  rota- 
tion diminished  by,  697. 

Trade-winds,  upper  and  lower,  206. 

Transmission  of  heat  through  solids, 
Mclloni's  table,  351. 

liquids,  ditto,  858. 

influence  of  temperature  of 

source  on,  522,  524,  547. 

Transparency  of  bodies,  cause  of, 
346,  617. 

—  not  a  test  for  diathermancy,  351, 
867. 

Trcvelyan,   Mr.  A.,   his    instrument, 

113. 

cause  of  vibrations  of,  115. 

Tropics,   flow   of  air   from   and    to, 

211. 

—  the  region  of  calms  or  rains,  214. 

—  cause  of  the  torrents  of  rain  in, 
488. 

TTNDULATION   THEORY,  304. 


VACUUM  in  centre  of  ice-flowers, 
128. 

—  passage  of  heat  through,  297. 

—  dry  air  similar  to,  witti  regard  to 
radiant  heat,  892. 

Vaporous  condition  of  matter,  60. 

Vapor  of  water  condensed  by  rare- 
faction of  air,  28. 

its  action  or  radiant  heat, 

470,  492. 

condensation  promoted  by, 

491. 

—  production  of,  consumes  heat,  186, 
240. 

—  supporting  of  spheroid  by,  194. 

—  of  metals,  spectrum  of,  664. 

—  absorbs  those  rays  which  it  emits, 
632. 

Vapors  and  liquids,  their  absorption 
of  heat  compared,  610,  614. 

—  tables  of  absorption  of  heat  by, 
483,  487,  469,  622,  624. 

dynamic  radiation  and  ab- 
sorption of,  469,  466. 

—  matter  entering  into  our  concep- 
tion of  a  vapor,  780. 

—  chemical  absorption  by  liquid  and 
vapor,  747. 

Varnishing  a  metal  or  feeble  gas  by 

a  powedul  one,  467. 
Velocity  of  planets  and  aSrolites,  12. 

—  relation  of  heat  to,  42. 
Vibration  of  heated  metal,  118. 

sounding  disks,  299. 

Viscous  theory  of  ice,  280. 
Vision,  a  differential  effect,  772. 
Vital    force,  supposed    conservative 

action  of,  267. 
Volcanic   eruptions    showing   upper 
currents  of  air,  209. 

—  eruption  of  Mome  Garou,  210. 
Volume  of  a  gas  augmented  by  heat, 

66,  ct  teg. 
Volumes  of  vapor  proportional    to 
liquid,  table,  612. 

WATER  boiled  by  friction,  18,  and 
Appendix  to  Chap.  II.  p.  61. 

—  expanded  by  heat,  98. 
cold,  98. 

—  maximum  density  of,  98. 

—  pipes,  why  burst,  100. 
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Water,  cohcHion  of,  increased  by  re- 
inoving  air  from,  131,  «<  teq. 

—  hammer,  181. 

—  effects  of,  when  in  a  highlj-cohe- 
sivc  condition,  132. 

—  formerly  regarded  as  incompres- 
sible, 167. 

—  BaooD^s  experiment  on  the  com- 
precision  of,  167  note. 

—  amount  of  heat  yielded  by,  in 
cooling  1%  168. 

—  has  the  highest  specific  heat, 
166. 

—  amount  of  work  equal  to  heating 
of  1%  167. 

—  effect  of  hi^  specific  heat  of, 
174. 

—  latent  heat  of,  177. 

—  mechanical  Talue  of  combination, 
condensation,  and  congelation  of^ 
181. 

—  evaporation  of,  produces  cold, 
180. 

—  frozen  by  its  own  evaporation,  187. 

—  Bphcroidal  state  of,  108,  et  »eq. 

—  frozen  in  red-hot  crucible,  202. 

—  opacity  of,  to  heat,  848,  507. 

—  distilled,  color  of,  866. 

—  effects  of  its  energy  as  a  radiant 
in  all  its  states,  491. 

—  abfiorbs  same  rays  when  solid, 
liquid,  or  vapor,  866,  496,  544. 

—  amount  of,  would  be  boiled  by  the 
total  emission  of  sun,  686. 

—  cause  of  its  hardness,  286. 

transpjirency  to  lipht,  542. 

opacity  to  heat,  642. 

—  absorption  of  heat  from  hydro- 
gen-flame at  different  thicknesses, 
642. 

Waterston,  his  meteoric  theory  of  the 
sun,  47,  699. 


Waves  of  sounds,  816. 

ligh^  817. 

heat  and  sound,  difTerenoe  be- 
tween, 889. 

Wells,  Dr.,  his  theory  of  dew,  648,  M 
•eq. 

many  carious  effects  cqikined 

by,  664. 

Wiedemann  and  Frani,  theb  table  of 
conductivities,  S47. 

Winds,  extinction  of  H^^  of  gas  by, 
66. 

—  produced  by  sun,  806. 

—  trade,  206. 

—  direction  of^  influenced  bj  earth's 
rotation,  207. 

Winds,  lesser,  cause  of,  812. 
WoUaston,  Dr^  hb  cryophorosi,  187. 
Imes  in    bcAmx   spectmm   ob- 
served by,  687. 
Wood,  bad  conductivity  o!^  865. 

—  difference  of  conductivity  In,  869, 
269. 

—  apparatus  for  ascertainfaig  calo- 
rific conductivity  of,  260. 

—  three  axes  of  conductiTe  power 
in,  271. 

Woollen  textures,  imperfeei  oonduc- 

tion  of,  283. 
Work,  constant  proportion  between 

it  and  heat,  16,  87,  166. 

—  interior,  160,  167. 

YOUNG,  Dr.   Thoa.,  eitahiWimcnt 
of  the  undulatory  Iheocy,   IS, 
304. 

ZERO,  absolute,  of  teraperalore,  96. 
Zinc,  bands  seen  in  speetram  of 
vapor  ofi  666. 
Zodiacal  light,  probable  canae  ol^  4t 

691,  699. 
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